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Description
FIELD OF INVENTION

[0001] This invention relates to the generation of gas-
phase ions or charged particles from condensed phase
sample (e.g. liquid or solid) using laser desorption ioni-
zation and related techniques, primarily for analysis of
chemical species with mass spectrometers or ion mobility
spectrometers.

FEDERALLY FUNDED RESEARCH

[0002] The invention described herein was made with
the United States Government support under Grant
Number 1R43 RR143396-1 from the Department of
Health and Human Services. The U.S. Government may
have certain rights to this invention.

BACKGROUND OF THE INVENTION

[0003] Laser desorption and ionization have been uti-
lized to ablate and ionize a wide variety of surface sam-
ples for analysis with mass spectrometry. Matrix-assisted
laser desorption/ionization (MALDI) is a desorption and
ionization technique that results in productin of gas-
phase ions from condensed-phase analyte molecules
(e.g. generally large labilte biomolecules) by unique en-
ergy partitioning properties of absorbed light from lasers
into target sample components. MALDI samples are gen-
erally mixtures of matrix and analyte, whereby the light
energy from the laser is absorbed primarily by the matrix,
facilitating both ionization and desorption of analyte. The
beneficial characteristic of these processes is that very
little of the energy is partitioned into the internal energy
of the analyte, resulting in intact gas-phase analyte ions.
Gas-phase anayte ions are generally analyzed by time-
of-flight mass spectrometers; however, any number of
gas-phase ion analyzers have been considered and em-
ployed for MALDI analysis.

[0004] The technique of MALDI developed primarily
from research by Karas and Hillenkamp (1) in the late
1980. Vacuum MALDI has developed into a widely used
commercial technology for analysis of proteins and other
macromolecules.

[0005] The presenttechniques relate to the application
of MALDI to desorption and ionization in vacuum and at
intermediate and higher pressures, including atmospher-
ic pressure. Franzen and Koster (US 5,663,561) first de-
scribed atmospheric pressure MALDI in reference to their
atmospheric pressure desorption/ionization technique
by stating, "In contrast to MALDI, at atmospheric pres-
sure, the related molecules of the decomposed matrix
material are not needed to ionize the macromolecules.
The selection of matrix molecules is solely dependent
upon their ability to release the large molecules. Albeit,
not explicitly claimed in this patent, the concept of atmos-
pheric pressure MALDI (or AP-MALDI) was clearly first
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described by Franzen and Koster. Ironically, the Franzen
and Koster patent begins by arguing that AP-MALDI is
inefficient and that augmenting ionization efficiency with
gas phase ion-molecule reactions or desorbed neutral
species with gas phase reagentions at atmospheric pres-
sure would offset some of the transmission losses that
would occur by inefficient transport from atmospheric
pressure.

[0006] Laiko and Burlingame (US 5,965,884) distin-
guish their AP-MALDI from Franzen and Koster by argu-
ing simplicity and non-destructive matrices. This patent
dismisses the key arguments made by Franzen and Ko-
ster that AP-MALDI is inefficient. The Laiko patent teach-
es AP-MALDI with the requirement of close coupling of
a sample target to the conductance aperture into vacu-
um. The lack of efficient atmospheric pressure optics with
this device requires precise alignment and positioning of
sample and the laser beam relative to the vacuum inlet.
In addition, Laiko provides for a sweep gas to assist in
transport of the ions from the target surface to the vacuum
inlet. The transmission of this device is low. The lack of
time-sequenced optics with the laser pulse limit ion ex-
traction and transmission efficiency.

[0007] Sheehan and Willoughby (US 6,744,041 B2)
describe separation of the ionization process [and sam-
ple target posision] from the conductance aperture using
atmospheric pressure optics. They describe efficient at-
mospheric pressure transport and compression optics
that allow relative independence of sample location from
the position of the vacuum inlet.

[0008] SheehanandWilloughby (US RPA 10/449,147)
describe further improvement of transmission of MALDI
generated ions at atmospheric pressure by laminating
high transmission elements and incorporating a "back-
well" geometry whereby MALDI samples can be placed
facing away from the conductance aperture. This geom-
etry facilitates easier access of the laser beam to the
sample targets compared to close-coupled designs. The
back-well geometry also provides a simplification of sam-
pleinsertion and easier access to the ionization chamber.
[0009] Willoughbyand Sheehan(US RPA 60/419,699)
also describe improvements in transmission of ions from
atmospheric pressure sources [including AP-MALDI].
Theseimprovements are accomplished by precisely con-
trolling the electric field through the entire conductance
pathway from atmospheric pressure into vacuum.
[0010] Willoughby and Sheehan (US PPA 60/476,582)
also teach that conductance arrays and patterned optics
can further enhance the transmission of ions from atmos-
pheric pressure sources and improve the transmission
of MALDI ions from either intermediate of higher-pres-
sure sources.

[0011] Whitehouse (US 20020175278) describes the
use of a variety of RF multipole devices and DC funnel
devices to focus and entrain the flow of ions from atmos-
pheric and intermediate pressure MALDI targets to de-
tection.

[0012] Trucheetal.(US6,707,039 B1)describe a wide
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variety of alternatives for close-coupling the sample tar-
get to the conductance aperture. This technology places
high tolerance on sample position and laser position. In
addition, it is envisioned that mirrored reflective surfaces
close to the plume of the MALDI target would tend to
become contaminated and degraded in their optical per-
formance. In addition, the sampling of ions from an elec-
tric field between the target and aperture into the field-
free region of the vacuum inlet tube would cause rim loss-
es from field penetration and degrade the transport effi-
ciency. The lack of time-sequenced optics with the laser
pulse limit ion extraction and transmission efficiency.
[0013] Makarov and Bondarenko (US 6,707,036 B2)
teach of a positionally optimized sample target device
with a close-coupled conductance opening for atmos-
pheric pressure and intermediate pressure MALDI. This
device is still subordinate to alignment of laser, target,
and lacks spatial or temporal optics to facilitate efficient
ion transmission to the mass analyzer. The lack of time-
sequenced optics with the laser pulse limit ion extraction
and transmission efficiency.

1. Karas, M.; Hillenkamp, F., Anal. Chem. 1988, 60,
2299-2301.

[0014] Dispersive sources of ions at or near atmos-
pheric pressure, such as, atmospheric pressure dis-
charge ionization, chemical ionization, photoionization,
or matrix assisted laser desorption ionization, and elec-
trospray ionization generally have low sampling efficien-
cy through conductance or transmission apertures,
where less that 1% [often less than 1 ion in 10,000] of
the ion current emanating from the ion source make it
into the lower pressure regions of the present commercial
interfaces for mass spectrometry.

[0015] US 5,625,184 describes a time-of-flight mass
spectrometer. Laser desorption can be used to generate
ions from a sample surface. After generation of the sam-
ple ions, the ions can be held or retarded by an electric
field to restrict movement away from the region of a sam-
ple for a period after laser illumination. This is to reduce
the effect of the initial temporal and energy distributions
on the time-of-flight of the sample ions.

[0016] Ionswith mass below a threshold of interest can
be directed back onto the sample surface and are neu-
tralised. After a predetermined time lag, ions of interest
can be extracted by another electric field.

[0017] Itis an aim of the present invention to improve
the collection efficiency and ionization efficiency of at-
mospheric pressure, intermediate pressure and vacuum
laser desorption ionization.

[0018] Accordingtooneaspectofthe presentinvention
there is provided an apparatus for generating gas phase
ions from a sample substance as claimed in claim 1.
[0019] According to another aspect of the present in-
vention there is provided a method for generating gas
phase ions from a sample substance as claimed in claim
7.
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[0020] Two advantages of the current device should
be emphasized. First, precisely timing the sequence of
laser pulse with ion extraction under high voltage fol-
lowed by reduction of the electric field in the extraction
and focusing region before losing ions to surfaces. The
field in the extraction and focusing region is reduced so
that the ions are efficiently focused and transmitted
through a conductance aperture into a lower pressure
region on the path to a mass analyzer. The second im-
portant advantage is the ability to populate the sample
surface with ions of the sample polarity as the analyte
ions to be extracted. This condition drives the equilibrium
toward product with an excess of reagent ions compared
to conventional MALDI and increases the efficiency of
ionization of analyte. Precharging a sample prior to laser
desorption can enhance the yield of ions from a given
sample.

[0021] Another possibility is to incorporate precision
precharging of a sample to predetermined spots on a
sample (e.g. biopsy of suspected cancer tissue) in order
to facilitate enhance yield of ions from a given spot. Op-
tical imaging can be used to determine the precise posi-
tion of sample precharging and laser pulse impingement
(e.g. dye markers or fluorescent tags visualized by mi-
croscopes with video recording).

[0022] Specialized target surfaces with shaped nee-
dles or electrodes behind the sample in order to control
the electric field experienced by the sample during and
after laser pulse may be used. By varying voltage in
space and time, optimum sample precharging, ion gen-
eration and extraction of ions can be achieved.

[0023] The damping of motion of ions at atmospheric
pressure make transport in electric fields much slower
compared to ion motion in intermediate pressure or vac-
uum. In addition, the inertial components of motion are
substantially damped at higher pressures (above 130Pa
(1Torr)) and the slowerion motion is controlled by moving
ions in the direction of optimized local electric fields. Still
further objects and advantages will become apparent
from a consideration of the ensuing description and draw-
ings.

BRIEF DESCRIPTION OF THE FIGURES
[0024]

FIG. 1is adiagram of an atmospheric pressure Laser
Desorption lonization source, incorporating surface
charging, interfaced to a mass spectrometer.

FIG. 2A is a diagram of the atmospheric pressure
Laser Desorption lonization source shown in Figure
1 during the operating step of charge accumulation
on the sample surface.

FIG. 2B is a diagram of the atmospheric pressure
Laser Desorption lonization source shown in Figure
1 during the operating step of laser firing and charge
release from the sample.

FIG. 2C is a diagram of the atmospheric pressure
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Laser Desorption lonization source shown in Figure
1 during the operating step of focusing the ion pop-
ulation produced into the orifice to vacuum.

FIG. 3 is a diagram of one embodiment of the electric
fields applied during surface charging and ion re-
lease and focusing operation in the atmospheric
pressure Laser Desorption lonization source shown
in Figure 1.

FIG. 4A is a timing diagram of one operating se-
quence embodiment used in the atmospheric pres-
sure Laser Desorption lonization source shown in
Figure 1.

FIG. 4B is a timing diagram of a second operating
sequence embodiment used in the atmospheric
pressure Laser Desorption lonization source shown
in Figure 1.

FIG. 5is adiagram of an atmospheric pressure Laser
Desorption lonization source, incorporating surface
charging, with the target surface configured in prox-
imity to the orifice into vacuum.

FIG. 6 is a timing diagram of the of one operating
sequence embodiment used in the atmospheric
pressure Laser Desorption lonization source shown
in Figure 5.

FIG. 7 is diagram of an intermediate pressure Laser
Desorption lonization source, incorporating surface
charging, interfaced to a mass spectrometer.

FIG. 8A is a diagram of the one embodiment of a
Laser Desorption target surface configured with an
insulated charging electrode.

FIG. 8B is a diagram of an alternative embodiment
of a Laser Desorption target surface configured with
an insulated and shielded charging electrode.

FIG. 8C is a diagram of an alternative embodiment
of a Laser Desorption target surface configured with
an array of insulated and shielded charging elec-
trodes.

FIG. 9A is a diagram of one embodiment of a Laser
Desorption target surface.

FIG. 9B is a diagram of an alternative embodiment
of a Laser Desorption target surface comprising an
array of charging electrodes with integral fiber optics
for applying a laser pulse to the back side of the
sample.

FIG. 9C is a diagram of a renewable liquid Laser
Desorption target surface with liquid sample deliv-
ered to the target surface through a liquid flow chan-
nel.

FIG. 9D is a diagram of a renewable liquid Laser
Desorption target surface with integral fiber optics
for applying a laser pulse to the back side of the
sample.

FIG. 10A is a diagram of an atmospheric Laser De-
sorption lonization source comprising surface charg-
ing and a annular ion focusing lens embodiment in-
terfaced toamass spectrometer during the operating
step of surface charging.

FIG 10B is a diagram of the Laser Desorption loni-
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zation source shown in Figure 10A during the oper-
ating step of laser firing and charge release from the
sample surface.

FIG 10C is a diagram of the Laser Desorption loni-
zation source shown in Figure 10A during the oper-
ating step of focusing the ion population produced
into the orifice to vacuum.

FIG 11 is a diagram of an atmospheric Laser Des-
orption lonization source comprising surface charg-
ing, a reversing annular ion focusing lens and sur-
face imaging.

FIG 12Ais a diagram of a vacuum Laser Desorption
lonization source configured with surface charging
and a near surface potential trap configured in the
pulsing region of a Time-Of-Flight mass spectrome-
ter during surface charging operation.

FIG 12B is a diagram of the vacuum Laser Desorp-
tion lonization source shown in Figure 12A during
the operating step of laser firing and charge release
from the sample surface.

FIG 12C is a diagram of the vacuum Laser Desorp-
tion lonization source shown in Figure 12A during
the operating step of trapping the ion population pro-
duced on the dynamic field trapping surface.

FIG 12D is a diagram of the vacuum Laser Desorp-
tion lonization source shown in Figure 12A during
the operating step of pulsing the ion population pro-
duced into the Time-OF-Flight mass spectrometer
flight tube.

DETAILED DESCRIPTION OF THE INVENTION AND
THE PREFERRED EMBODIMENTS

[0025] A preferred embodiment of the invention com-
prising an atmospheric pressure Laser Desorption loni-
zation source with sample surface charging is dia-
grammed in Figure 1. Operating details for Laser Des-
orption lonization source 1 are diagrammed in Figures
2A through 2C. Laser Desorption lonization (LDI) source
1 interfaced to vacuum system 2 comprising ion transfer
optics and mass to charge analyzer with detector 3, pro-
duces ions from sample 4 on target plate 5. A portion of
the laser desorption ion population produced is focused
into bore 10 of capillary 11. lons exit capillary bore 10 at
capillary exit end 12 into vacuum and are accelerated in
a free jet expansion of neutral background gas flowing
through capillary bore 10 from atmospheric pressure ion
source 1. Capillary 11 may comprise a dielectric capillary
with conductive electrodes on the entrance and exit fac-
es, a heated electrically conductive capillary, a nozzle,
an orifice or an array of orifices into vacuum. lons pass
through skimmer 13 orifice 14 and intoion guide 15 where
their translational energies are damped through colli-
sions with background gas. lons exiting ion guide 15 pass
through exit lens 17 and are mass to charge analyzed in
mass to charge analyzer and detector 3. ion guide 15
may comprise a multipol ion guide, a segmented multipol
ion guide, a sequential disk RF ion guide, an ion funnel
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or other ion guides known in the art. lon guide 15 may
extend continuously into one or more vacuum pumping
stages or may begin and end in one vacuum stage. Mass
analyzer and detector 3 may comprise a quadrupole, tri-
ple quadrupole, three dimensional ion trap, linear ion
trap, Time-Of-Flight (TOF), magnetic sector, Fourier
Transform lon-Cyclotron Resonance (FTICR), Orbitrap
or other mass to charge analyzer known in the art. Vac-
uum system 2 comprises vacuum stages 18,19 and 20.
Alternatively, embodiments of the invention may com-
prise vacuum systems with more or less vacuum stages
depending on the requirements of the vacuum ion optics
and mass to charge analyzer. Atmospheric pressure ion
source 1 produces ions from a sample deposited on or
part of a surface. As will be described below, the sample
may comprise a solid or liquid.

[0026] Sample 4 ontargetplate 5is positioned in target
plate chamber 22. Gas or gas containing ions 23 enters
target surface chamber 22 through target gas controller
24. Target gas controller 24 comprises a gas heater and
an ion source to generate reagent ions from a gas and/or
liquid input 25. Target gas controller 24 may comprise a
pneumatic nebulization charge droplet sprayer followed
by a vaporizer producing a heated carrier gas containing
reagent ions formed from the evaporating charged drop-
lets. Alternatively, target gas controller 24 may comprise
a photoionization source, a glow discharge ionizer, a co-
rona discharge ionizer configured in an atmospheric
pressure chemical ionization (APCI) source or other type
of gas or liquid sample ion source. Depending on the
composition of sample 4 and the specific analysis re-
quirements, target gas controller 24 can be configured
and

operated to deliver unheated neutral gas, heated neutral
gas or an ion and gas mixture into target plate chamber
22 during laser desorption ion source operation. Reagent
ion containing gas flow 23 passes between target plate
5andtarget plate counter electrode 28 exiting target plate
chamber 22 at opening 27 in target plate counter elec-
trode lens 28.

[0027] Electrode 28 is electrically insulated from target
plate chamber 22 by insulators 29. As will be described
below, reagent ions entrained gas flow 23 may be selec-
tively deposited on $ample 4, directed through opening
27 ordischarged on targetlens 28 during laser desorption
ion source operation.

[0028] Target plate 5 can be moved manually or by
software control in the x and y directions using x-y trans-
lator 26. Charging electrode assembly 8 remains fixed in
position while target plate 5 slides over it. A more detailed
diagram of charging electrode assembly 8 is shown in
Figures 2A through 2C and 8B. Charging electrode as-
sembly 8 comprises charging electrode 30 and shielding
electrode 32 forming an electrically conductive cylinder
around charging electrode 30. Charging electrode 30 and
shielding electrode 32 are embedded in dielectric block
31 to allow the application of high voltage to charging
electrode 30 without the onset of gas phase corona dis-
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charge or arcing. Voltages are applied to electrodes 30
and 32 through power supplies 34 and 35 respectively.
Laser 7 is configured to deliver laser pulse 40 through
lens or window 38 and reflected off mirror 39 to impinge
on sample 4 as shown in Figure 2B. Countercurrent gas
45 passes through gas heater 42 and exits through open-
ing 43 of endplate electrode 44 forming countercurrent
gas flow 41 in LD1 source 1. Gas 53 and desorbed ions
pass through opening 52 in electrode 47 and capillary
entrance electrode 48 into capillary 10 bore 11. Voltages
applied to electrodes 28,44, 47 and 48 through power
supplies 56,49, 50 and 51 respectively are set to maxi-
mize focusing and ion transmission into capillary bore 11
as will be described below. Charged droplet sprayer 58
comprises a liquid inlet, a nebulization gas inlet, sprayer
tip 61 and ring electrode 63 as shown in Figure 2A. Volt-
ages are applied to charged droplet sprayer 58 and ring
electrode 63 through power supplies 65 and 64 respec-
tively. Inthe preferred embodiment shown, charged drop-
letsprayer 58 is configured to produce a spray of charged
droplets oriented orthogonal to ion source centerline 68.
Charged droplets are produced through conventional
Electrospray or pneumatic nebulization in the presence
of an electric field. Heated countercurrent drying gas 41
and target plate gas 74 aid in evaporating the charged
droplets in spray 62. In a non laser desorption operating
mode, voltages applied to electrodes 30,28 44,47 and
48 are set to direct ions generated from evaporating the
charged droplets in spray 62 into capillary bore 11. In this
Electrospray operating mode, ions produced from sam-
ple bearing solution 59 are directed into vacuum and
mass to charge analyzed. lon source 1 can be operated
in Electrospray or atmospheric pressure Laser Desorp-
tion ionization mode individually or both ionization modes
can be run simultaneously. Rapid switching between
Electrospray and Laser Desorption ionization can by
achieved using the ion source embodiment shown in Fig-
ure 1. In an alternative embodiment of the invention,
charged droplet sprayer 58 is replaced by an Atmospher-
ic Pressure Chemical lonization source comprising a
pneumatic nebulizer, vaporizer and corona discharge
needle. Alternatively, a glow discharge, photoionization
or other type of ion source can be configured to produce
ion species in region 73 between electrodes 28 and 44.
Alternatively LDI source 1 can be configured with multiple
ion generation sources delivering ions individually or si-
multaneously into region 73.

[0029] In laser desorption operating mode, the voltag-
es applied to electrodes 30, 28, 44, 47, 48, 63 and
charged droplet sprayer 58 are set to direct ions 75 gen-
erated from charged droplet sprayer 58 to accumulate
on the surface sample 4 on target plate 5 prior to des-
orbing sample 4 by laser pulse 40. lon or charged species
75 generated from charged droplet sprayer 58 and ion
species 71 entrained in target plate gas flow 23 are di-
rected to the surface of sample 4 prior to desorbing sam-
ple 4 with laser pulse 40 as shown in Figure 2A. The
accumulation and subsequent laser desorption of posi-
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tive polarity ions is illustrated in Figures 2A through 2C
but the same sequence of steps can be applied for neg-
ative ion accumulation and laser desorption with the re-
versal of voltage polarities applied to electrodes. In Fig-
ure 2A, appropriate voltages are applied to charged drop-
let sprayer 58, ring electrode 63 and electrodes 28 and
44 to produce positive polarity charged droplet spray 62.
For illustration purposes, the potentials applied to
charged droplet sprayer tip 61, ring electrode 63, elec-
trode 28 and electrode 44 may be set to +4KV, +0V, -1
KV and + 1 KV respectively. The voltage applied to elec-
trically insulated charging electrode 30 through power
supply 34 may by setto - 10 to - 20 KV with the shielding
electrode voltage set close to-1KYV through power supply
35. The electric field formed at the sharp tip of charging
electrode 30 penetrates dielectric target plate 5 and ex-
tends through opening 27 of electrode 28 into region 73
between electrodes 28 and 44 as shown in Figure 2A.
Heated target gas 74 aids in drying charged droplets pro-
duced by charged droplet sprayer 58. lons 75 generated
from evaporating droplets produced from charged drop-
let spray 62 follow electric field lines 72 and are directed
to the surface of sample 4 on dielectric target plate 5.
Either concurrently or alternatively, charged species 71
entrained in target plate gas flow 23 pass between target
plate 5 and electrode 28 and are attracted to the surface
of sample 4 by the same attractive electric field formed
by the electrical potential applied to charging electrode
30.

[0030] Charge 70 accumulates on the surface of sam-
ple 4 until the space charge limit is reached. When the
space charge limit is reached additional positive polarity
ions turned away from the surface of sample 4 and neu-
tralized on electrode 28. Image charge 73, in this case
electrons, are drawn to the tip of charging electrode 73
as positive ions accumulate on the surface of sample 4.
Charging electrode 30 and sample 4 form a capacitor
with a charge capacity in part determined by the electric
field strength maintained between the surface of sample
4 and the tip of charging electrode 30. The tip sharpness
of insulated charging electrode 30, the proximity of this
tip to the surface of sample 4, the voltage applied to
charging electrode 30 relative to the voltage applied to
electrodes 28 and 44 and the dielectric constant of target
plate 5 and insulation 31 will effect the electric field
strength at the surface of sample 4. Charge may accu-
mulate on the surface of sample 4 until the electric field
is locally reduced and ultimately neutralized preventing
additional ions of the same polarity from further accumu-
lating on the surface of sample 4. Minimum charge mi-
gration or neutralization occurs on the surface of dielec-
tric target plate 5. A single ion species or a mixture of ion
species can be accumulated on surface 4 depending on
the requirements of an analytical application. For exam-
ple, if sample 4 comprises a mixture of proteins with a
matrix such as Sinapinic acid typically used in Matrix As-
sisted Laser Desorption lonization (MALDI), protons may
be an optimal choice of charged species to accumulate
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on the surface of sample 4. Protons can be directed to
the surface as protonated water or protonated methanol
ions generated from charged droplet sprayer 58 or a
charged droplet sprayer or APCI ion generator config-
ured in target gas controller 24. Proteins form ions gen-
erally as protonated species so the protons accumulated
on the surface of sample 4 will supply a source of protons
to increase ionization efficiency during laser desorption
of sample 4. Alternatively, metal ions such as sodium
can be accumulated on the surface of sample 4 if carbo-
hydrate analysis is required to enhance ionization effi-
ciency. If sample 4 comprises a liquid such as water or
a low volatility surface such as glycerol, accumulating
ions can react with or attach to sample species in solution
prior to laser desorption. Infrared lasers can be used to
desorb aqueous sample solutions at atmospheric pres-
sure. Sample 4 may include no matrix and laser desorp-
tion may occur directly from the sample as is used with
Direct lonization Off Surfaces (DIOS) techniques. Accu-
mulating charged charged species may be in direct con-
tact with sample molecules when no matrix is used on
target plate 5. This direct charge species and sample
species association can improve ionization efficiency for
select sample types when compared with charge accu-
mulation in the case where the sample is associated with
a matrix. Different ion species may be supplied by
charged droplet sprayer 58 and target gas controller 24.
lons species may be generated from charged droplet
sprayer 58 and target gas controller 24 simultaneously
or individually. Charged species production by either de-
vice may be rapidly switched off or on, if required during
laser desorption ionization operation. Charged droplet
sprayer 58 can be rapidly turned off and on by adjusting
the relative potentials applied sprayertip 61 andring elec-
trode 63.

[0031] When sufficient positive charge has accumulat-
ed on the surface of sample 4, laser pulse 40 is applied
to the surface of sample 4 from laser 7 to desorb sample
from target plate 5. The voltage applied to charging elec-
trode 30 is rapidly reversed just prior to, during or just
after laser pulse 40 to release the charge from the surface
of sample 4. This effectively reverses the potential across
the capacitor formed by the charge accumulated on the
surface of sample 4 and the image charge accumulated
near the tip of charging electrode 30. The laser pulse
stepisillustratedin Figure 2B where the attracting electric
field 72is gone and electric field 77 attracts ions desorbed
from sample 4 toward entrance orifice 78 of capillary 10.
Figure 3 is a diagram of one set of electrical potentials
that may be applied during the ion accumulation and ion
desorption steps. Curve 80 shows one example of the
relative potentials applied to Electrodes 30, 28 44, 47
and 48 during accumulation of positive charge on the
surface of sample 4. Curve 82 represents the relative but
off axis electrical potentials applied to charged droplet
sprayer tip 61 and ring electrode 63 during production of
positive polarity charged droplets from sprayer tip 61 and
accumulation of positive polarity ions on the surface of
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sample 4. Curve 81 shows the reversal of voltage polarity
applied to charging electrode 30 and 28 to facilitate de-
sorption and ionization of sample components from sam-
ple 4 when laser pulse 40 is applied. The voltage applied
to ring electrode 63 as shown by curve 83 is set to min-
imize distortion of the centerline focusing electric field
directing desorbed ions into capillary entrance 78.
Charged droplet sprayer nebulizing gas flow is switched
off during the laser desorption and ion focusing steps.
When charged droplet sprayer 58 is operated in non neb-
ulizing Electrospray mode, the charged droplet spray
turns off when the voltages on ring electrode 83 are set
approximately equal to the voltage applied to sprayer tip
61 as shown in curve 83 or Figure 3. The timing diagram
of the voltage transitions illustrated in Figure 3 is shown
in Figure 4A. The surface charging time period is followed
by laser pulse 85 and arapid changein voltage 86 applied
to charging electrode 30. The voltage changes applied
to Electrodes 30, 28 and 63 are maintained during the
ion focusing period to allow time for desorbed ions from
sample 4 time to reach capillary entrance 78 where they
are swept through capillary bore 11 into vacuum by gas
flow 53. In the example described, voltages applied to
Electrodes 44,47 and 48 remain constant during the sam-
ple charging, ion desorption and ion focusing steps illus-
trated in Figures 2A, 2B and 2C.

[0032] When positive reagentions are generated from
target gas controller 24, relative voltages can be set be-
tween electrodes 30 and 28 to allow these reagent ions
to pass through opening 27 in electrode 28 and mix with
neutral molecules 75 and ions 88 desorbed from sample
4. Through exchange or attachment of charge from the
reagent ions to desorbed neutral species, the ionization
efficiency of the desorption process is improved increas-
ing mass to charge analysis sensitivity. As diagrammed
in Figures 2B and 2C, reagent ions 90 mix with desorbed
neutral species when the appropriate voltages are ap-
plied to electrodes 30 and 28 to direct reagent ions 71
through opening 27 and along centerline 68 moving as
gas phase ions 90 toward capillary entrance 78. Before
countercurrent gas flow 41 sweeps desorbed neutrals
away from opening 43 in endplate electrode 44, reagent
ions 90 have a the opportunity to collide with and ex-
change charge or attach to a neutral desorbed sample
molecule. Target plate gas flow 74 meeting countercur-
rent gas flow 41 in region 500 form a stagnation and
mixing area in region 500 that promotes charge ex-
change or attachment between reagent ions 90 and de-
sorbed neutral species 75. Once a neutral sample mol-
ecule has been ionized in the gas phase, focusing fields
77 direct the ions towards capillary entrance 78. Reagent
ions species may also be selected to promote desired
gas phase reactions with desorbed analyte sample mol-
ecules. Reagention flow through opening 27 in electrode
28 can be stopped during the ion focusing step by apply-
ing the appropriate relative voltages between electrodes
30 and 28 to direct reagent ions to neutralize on electrode
28 before entering opening 27.
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[0033] An alternative sequence of surface charging
step 92, sample desorption, extraction and ion focusing
step 93 and gas focusing step 94 is shown in timing di-
agram 4B. The charging and desorption steps illustrated
by Figures 2A and 2B are similar to the two step sequence
of Figure 4A as shown in the timing diagram shown in
Figure 4B. However, as the desorbed ions 88 approach
capillary entrance orifice 78, the potentials applied to
electrodes 30,28, 44,47 and 48 are set approximately
equal, as shown in step 94 of timing diagram 4B, to allow
gas dynamics forces to dominate ion motion, sweeping
ions into and through capillary bore 11. The application
of steep electric fields near capillary entrance 78 serve
to focus ions toward the centerline but can also drive ions
into the edge of capillary entrance electrode 48 where
they are neutralized. Reducing the electric field just be-
fore the ions reach capillary entrance orifice 78 allows
initial ion focusing as desorbed ions traverse from sample
4 to capillary entrance orifice 78 but reduces the amount
of ion impingement occurring on capillary entrance elec-
trode 78 as the ions enter capillary bore 11. This addi-
tional gas dynamic ion focusing step improves ion trans-
port efficiency into vacuum increasing sensitivity in mass
to charge analysis. The timing of the voltage switch to
the gas focusing step can be optimized for any set of
focusing voltages applied by using a calibration proce-
dure in which the duration of ion desorption, extraction
and focusing step 93 is varied to find the maximum mass
spectrometer signal response. The diagrams of timing
sequences and steps shown in Figures 2A through C,
Figure 3 and Figures 4A and 4B are given to illustrate
examples of operating sequences, however other switch-
ing patterns or variations on switching patterns can be
employed to optimize performance for different applica-
tions. Voltages can be applied to maximize ionization and
sampling efficiency of negative ions. Variations of step
sequences and additional steps may be added to se-
quences to maximize performance and to optimize for
differences in samples, applications, and ion source lens
geometries, gas composition, temperature and flow
rates. For example multiple laser shots can be conducted
on the same spot or on different spots while the voltage
applied to charging electrode 30 is transitioned from
charge accumulation to charge rejection potentials. La-
ser beam 40 spot can be moved or target plate 5 can be
moved between each laser shot in a series.

[0034] Inanalternative the laser desorption ion source
1 has configured 90 degrees rotated from charged drop-
let sprayer 58 and laser 7, an optical imaging device with
image magnifiers and mirror. Imaging device may com-
prise a video camera for digital imaging or a microscope
for manual viewing of the sample surface. Imaging device
is used to provide and image sample surface 4 allowing
optimization of the target plate 5 position relative to the
tip of charging electrode 30 and laser pulse 40. Position-
ing the tip of charging electrode 30 under a sample fea-
ture will maximize charge accumulation at that location.
Laser desorption ionization efficiency can be improved
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with sample mixed in MALDI matrices when a laser pulse
is applied to a MALDI crystal located using optical imag-
ing with feedback to the target plate x-y translator stage
26. Less ion yield results when a laser pulse impinges
on a MALDI matrix in a location where no matrix crystals
are present Imaging device can be used to located the
position of MALDI matrix crystals in sample 4. Based on
the image information and sample coordinates provided,
target plate 5 is moved to line up the tip of charging elec-
trode 30 and laser pulse 40 with the MALDI matrix crystal
position in sample 4. The position of laser beam 40 hitting
sample 4 can be adjusted independent of target plate 5
movement or the location of the tip of charging electrode
30. Mirror 39 can be configured with a fine resolution
movement device such as a galvanometer to allow rapid
steering of laser beam 40 impinging on sample 4. Alter-
natively, the position of charging electrode 30 can be
positioned using a separate x-y translator stage to pro-
vide movement of charging electrode 30 independent of
target plate 5 x-y movement. Additional illuminating de-
vices such as lower power lasers can be incorporated
into imaging device to enhance the image from florescent
dyes used to stain sample 4. For example, if sample 4 is
a tissue slice and laser desorption source 1 is used to
conduct molecular imaging of stained tissue samples,
individual cells can be optically imaged using imaging
device to allow laser charge accumulation on and laser
desorption from selected cells in tissue sample 4. Laser
beam 40 can be focused down to small spot dimensions
and target plate 5 can be fabricated as a very thin die-
lectric sheet allowing the insulated sharp tip of charging
electrode 30 to restjust under but very close to animaged
and selected cell. Laser desorption ionization from indi-
vidual cells or from a small group of cells in a tissue can
be performed with an appropriately focused laser spot
and a small local charge accumulation area. Imaging de-
vice can also be used determine when a sample has
been depleted or damaged after several laser shots.
[0035] Target plate 5 and charging electrode 30 may
be configured in alternative embodiments. Target plate
5 may be configured as a moving dielectric belt. The el-
uant from a liquid chromatography (LC) run can be de-
posited on the moving belt as a continuous track or spots
with a MALDI matrix added on line. A second track of
calibration sample can be added along side the LC sam-
ple track. Two charging electrodes can be positioned un-
der each track or spot train to provide simultaneous
charging of both LC and calibration samples. Laser beam
40 can be rastered across both tracks or spots during
the desorption step to generate ions from both the LC
and calibration samples as the dielectric belt target
moves past opening 27 of electrode 28. The charging
and laser desorption steps can occur rapidly with multiple
step cycles conducted per second to maximize sample
throughput.

[0036] An alternative embodiment of the invention is
diagrammed in Figure 5 where electrodes 44 and 47 are
removed and target plate 100 is positioned closer to the
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capillary bore entrance 102. Charged droplet sprayer 105
produces charged droplet spray 108 as described in Fig-
ure 2A above. Evaporating charged droplets generate
ions that can be directed to accumulate on the surface
of sample 101 to enhance the ionization efficiency of laser
desorption or directed toward capillary bore entrance 102
when conducting Electrospray or pneumatic nebulization
ionization of a sample substance. Alternatively, charged
droplet sprayer 105 may be configured as an APCI, a
photoionization, glow discharge, corona discharge or
other ionization source to generate of charged species
for charge accumulation on sample 101 prior to laser
pulse 108. Multiple alternative ionization probes can be
configured in one ion source with laser desorption pro-
ducing ions in region 113 of ion source 114 shown in
Figure 5 or region 73 of ion source 1 shown in Figure 1
and 2A through 2D. Different ionization methods can be
separately controlled to provide ion accumulation on
sample 101 and 4 prior to laser desorption or to generate
ions that are directed into vacuum through capillary bore
104 and 11 for mass to charge analysis. Combinations
of multiple probes can be run simultaneously or inde-
pendently in one ion source without the need to change
hardware.

[0037] The operating sequence of laser desorption ion
source 114 shown in Figure 5 is analogous to that illus-
trated in timing diagram 4B described above. In positive
ion operating mode, a negative voltage is applied to
charging electrode 112 through power supply 123 rela-
tive to the voltages applied to target plate counter elec-
trode 111, capillary entrance electrode 115, capillary
nosepiece electrode 117, charged droplet sprayer 105
and ring electrode 106 through power supplies 118, 119,
120, 122 and 121 respectively. Charged species gener-
ated by charged droplet sprayer 105 and/or target gas
controller 124 are directed to the surface of sample 101
on dielectric or semiconductor target plate 100. Charge
is accumulated on the surface of sample 101 until the
space charge limit is reached for the relative electrode
voltages applied. The time period 128 of this sample
charging step is illustrated in the timing diagram shown
in Figure 6. Laser pulse 108 is fired from laser 110 to
desorb material from sample 101 as the voltages on elec-
trodes 112, 106 and 117 are changed to facilitate extrac-
tion of desorbed ions from the surface of sample 101 and
focusing of the ion population produced into capillary
bore entrance 102. The ion desorption, extraction and
focusing step 129 is shown to occur simultaneously with
laser pulse 108. Alternatively, the electrode voltage tran-
sitions can occur before or after the laser pulse and ad-
ditional laser pulses can occur during or after such elec-
trode voltage transition. Prior to the desorbed ion popu-
lation reaching capillary bore entrance 102, the relative
voltages applied to electrodes 112, 111, 106, 115 and
117 are set to be approximately equal to reduce the elec-
tric field in region 113 between target plate 100 and cap-
illary entrance electrode 115. As illustrated in the timing
diagram shown in Figure 6, shortly after the ion extraction
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and focusing voltages are applied, the relative voltages
of electrodes are set to be approximately equal to initiate
gas focusing step 130. With a minimum electric field in
region 113, the desorbed ions are swept into capillary
bore by gas flow 131. The reduction of the electric field
inregion 113 prior to the desorbed ions reaching capillary
entrance electrode 115 reduces neutralization of ions on
electrode 115 and improves ion transmission efficiency
into vacuum through capillary bore 104. The duration of
the gas focusing step 130 time period is sufficient to allow
the desorbed ion population to enter capillary bore 104
prior to switching the electrode potentials back to ion ac-
cumulation step 132. Heated countercurrent gas flow 127
sweeps neutral species away from capillary bore en-
trance 102 during ion extraction and focusing step 129
and provides the carrier gas for sweeping ions into vac-
uum. As described for laser desorption ion source 1, gas
phase ion species may generated in target gas controller
124 and carried in target gas 133 to charge the surface
of sample 101 and provide subsequent gas phase ioni-
zation of desorbed neutral molecules traversing region
113. The charging, desorption and gas focusing steps
can be conducted in rapid succession cycling multiple
times per second to minimize sample analysis time. As
described above the laser pulse 108 spot, target plate
100, and charging electrode 112 positions can be posi-
tioned independently with or without optical imaging to
optimize analytical performance for a given application.
[0038] An alternative embodiment of the invention is
diagrammed in Figure 7 where target plate 140 and target
plate chamber 142 are positioned in vacuum stage 160.
The pressure maintained in vacuum stage 160 may
range from above 530Pa (4 torr) to below 0.013Pa (104
torr) depending on the analytical application, total gas
flow through target plate gas controller 143 and ion gen-
erator 147 and vacuum stage 160 pumping speed. lon
or charged species generator 147 with ion focusing elec-
trodes 148 and target gas controller 143 may comprise
achemicalionization, glow discharge, electron bombard-
ment, photoionization or other vacuum compatible ion
source to generate charged species. Similar to the op-
eration of the atmospheric pressure ion sources de-
scribed above, charging of the surface of sample 141
occurs in intermediate pressure laser desorption ion
source 164 prior to applying laser pulse 165 from laser
151 to desorb sample components and ions from sample
141. Charged species in either positive or negative ion
operating mode are accumulated on the surface of sam-
ple 141 by applying the appropriate potentials as de-
scribed above to charging electrode 166, target plate
counter electrode 146, skimmer electrode 149, ion gen-
erator 147 and focusing electrodes 148. lon species are
supplied from target gas controller 143 and ion generator
147 individually or simultaneously during the sample
charging step. The voltages applied to electrodes 166,
146, 149 and 148 and ion generator 147 are rapidly
changed while laser pulse 165 is applied to aid in des-
orbing, extracting and ionizing sample components from
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sample 141. After ion and neutral sample components
have been desorbed and extracted from sample 141,
voltages applied to these electrodes are then changed
to optimize transmission efficiency of the desorbed ion
population through skimmer opening 150 into ion guide
154. Timing sequence similar to that shown in Figures
4A, 4B and 6, can be applied in the operation of interme-
diate pressure laser desorption ion source 160. Addition-
al gas phase ionization of neutral desorbed sample mol-
ecules can occur through charge exchange or ion attach-
ment with ion species supplied in target gas 144 as the
desorbed sample plume expands in region 167 between
the target plate and skimmer 149. lon guide 154 can be
operated as an ion trap to allow additional reaction time
between reagent ions supplied from target plate gas con-
troller 143 trapped in ion guide 154 to react with desorbed
neutral species flowing through skimmer opening 150
and into ion guide 154. The accumulation of charge on
the sample prior to desorption and addition of further gas
phase ionization increases the ionization efficiency and
sensitivity of intermediate pressure laser desorption ion-
ization and allows for ion molecule reactions with sample
components prior to, during or after laser desorption of
sample 141.

[0039] Target plate gas flow 144 aids in directing rea-
gentions to the surface of sample 141 during the sample
charging step. Target plate gas flow 145 exiting target
plate chamber 142 through opening 168 in electrode 146
provides a gas load in vacuum stage 160 and, passing
through skimmer 149 opening 150 into vacuum stage
161, provides a local increase in background gas pres-
sure at the entrance of ion guide 154. The flow of target
plate gas 145 through electrode 146 serves to collision-
ally damp translational energy spread of ions generated
in the desorption process. The translational energy
spread of the desorbed ion population continues to be
reduced through collisional cooling in ion guide 154. De-
sorbed ions can be focused in region 167 by applying
the appropriate relative voltages to electrode 146 and
skimmer electrode 149. lons accelerated and focused
between electrode 146 and skimmer opening 150 expe-
rience collisions with background gas that may increase
or decrease internal energy of the ions depending on the
rate of acceleration imposed by the applied voltages. If
required, ion internal energy can be increased in region
167 to decluster or fragment of ions prior to conducting
mass to charge analysis in mass to charge analyzer 158.
Intermediate pressure laser desorption ion source mass
spectrometer 157 comprises vacuum stages 160, 161
and 162. Sufficient vacuum pumping is provided in each
vacuum stage to allow optimal performance of elements
within each vacuum stage. Less than three or more than
three vacuum stages may be configured in alternative
embodiments of the invention to provide optimal perform-
ance for specific mass analyzer types. lon guide 154 as
shown in Figure 7 extends into multiple vacuum stages
and serves as the gas conductance orifice between vac-
uum stages 161 and 162. lons traversing ion guide 154
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pass through exit electrode 155 into mass to charge an-
alyzer and detector 158. Voltage applied to exit electrode
155 may be increased relative to the offset potential ap-
plied to ion guide 154 to trap ions in ion guide 154.
Trapped ions can be released from ion guide 154 by low-
ering the voltage applied to exit electrode 155. The re-
lease of trapped ions from ion guide 154 need not be
sychronized with laser pulses in ion source 160 allowing
decoupling of mass spectrometer analysis timing with
the pulsed production of ions inion source 160. lons from
multiple laser desorption shots may be stored in ion guide
154 before releasing trapped ions into mass to charge
analyzer 158.

[0040] Alternative embodiments of sample target
plates, charging electrodes and laser optics assemblies
are diagrammed in Figures 8 and 9. Figure 8A shows
charging electrode 170 insulated by dielectric insulator
171 in contact with the opposite side of dielectric target
plate or belt 172 from sample spots or lines 173. Voltage
is applied to charging electrode 170 through Power sup-
ply 174. In the embodiment shown in Figure 8A, charging
electrode 170 is not surrounded by a shielding electrode.
This allows the attractive electric field to extend over a
broader region on target plate 172 during the charging
of sample 173 prior to applying a laser pulse. The addi-
tional ions collected during sample charging are available
for gas phase ionization of sample molecules after the
laser pulse desorption and ion extraction step improving
ionization efficiency. Charging electrode 170 can be fixed
in position with target plate or belt 172 moving over it or
both charging electrode 170 and target plate 172 can be
translated independently to optimize performance. Cy-
lindrical shielding electrode 174 is added to the charging
electrode assembly 179 in Figure 8B to constrain the
electric field formed by charging electrode 175 during the
sample charging and desorption and ion extraction steps.
Shielding electrode 174 prevents ions in the target gas
from being attracted to the back side of target plate or
belt 176 during the sample charging step. Charging elec-
trode 175 with shielding electrode 174 insulated by die-
lectric insulator 177 can be fabricated with very small
dimensions. A small diameter charging and shielding
electrode assembly contacting a thin target plate or belt
allows charging of a small sample area when desorbing
sample from specific spatial regions of sample 178. The
smaller dimensions of these elements coupled with a
small laser spot size allows improved spatial resolution
when desorbing sample from surfaces. This is advanta-
geous, for example, when selectively desorbing material
from specific cells or groups of cells in a tissue sample.
Target plate or belt 176 is moved along the surface of
charging electrode assembly 179 while remaining in con-
tact with dielectric material 177 or the tip of charging elec-
trode 175. Higher relative electrical potentials can be ap-
plied to charging electrode 179 if it is entirely insulated
in dielectric 177. Shielding electrode 174 may be incased
in or surrounding insulator 177. Multiple charging elec-
trodes 180 with common shielding electrode 181 are in-
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sulated in dielectric 182 that also serves as the sample
target surface in target plate assembly 185 shown in Fig-
ure 8C. As charging electrode and target plate assembly
185 are translated to align laser pulse 186 with each sam-
ple spot 187, electrical contact is made with aligned
charging electrode 188 and power supply 183 through
spring contact 184. Integrated assemblies 185 have the
advantage that shorter distances and more reproducible
tolerances can be maintained between sample spots 187
and the tip of charging electrodes 188. This allows more
reproducible and higher charging of sample surfaces to
be achieved for different sample spots and for different
target plates.

[0041] Figure 9A shows a conventional laser desorp-
tion target plate 190 typically used for MALDI applications
where laser beam 191 impinges on the front side of target
plate 190 with no prior charging of sample. Typically tar-
get plate or the surface of target plate 190 comprises a
conductive material to prevent the buildup of charge dur-
ing laser desorption operation. The present devices com-
prise elements and configurations that provide improved
performance but depart from configurations employed
conventional laser desorption ion sources that utilized
target plates as shown in Figure 9A. Embodiments of
laser desorption target plates shown in Figures 8A
through 8C and 9B through 9D contain elements and
configurations not employed in laser desorption ion
sources found in the prior art. A diagram of laser desorp-
tion target plate assembly 194 comprising fiber optic bun-
dles 195 surrounded by charging electrodes 196 config-
uredindielectric block 198 is shown in Figure 9B. Sample
202 is deposited on the end of each fiber optic bundle
195 on target plate surface 203. Laser pulse 204 from
laser 200 is focused through optical lens assembly 201
and sent through a portion of fiber optic bundle 207 to
impinge on the back side of sample spot 208. Laser pulse
204 can be directed to different areas of sample spot 208
by sending laser pulse 204 through different areas of
fiber optic bundle 207. This can be achieved by steering
laser beam 204 or by moving target plate assembly 194
using x, y and z axis translation. Voltages are applied to
charging electrode 197 from power supply 205 through
spring contact 206 to allow charging of the surface of
sample spot 208 prior to applying laser pulse 204. The
embodiment of the invention shown in Figure 9B allows
close positioning between a sample and an orifice into
vacuum or an adjacent pumping stage. The laser optics
are simplified and the laser beam is oriented perpendic-
ular to the sample surface allowing a smaller laser beam
spot size. Alternatively, sample spots or lines 208 may
be mounted on an optically transparent plate and the
plate can be slid over the exit end of fiber bundle 207.
This would allow more rapid loading and running of sam-
ple plates without the need to clean the exit end of fiber
optics bundle 207 between sample runs. A lens may be
added to the exit end of fiber optic bundle 207 or incor-
porated in to a glass target plate to allow tighter focusing
of laser beam 204 as it exits fiber optic bundle 207.
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[0042] A liquid sample 210 is introduce through bore
215 of dielectric element 211 of liquid surface laser de-
sorption probe 212 diagrammed in Figure 9C. Charging
electrode 213 is electrically insulated from solution 210
in dielectric element 211. If solution 210 has low conduc-
tivity or is electrically floating, charge can be accumulated
at surface 214 and in bore 215 when a high potential of
opposite polarity is applied to insulated charging elec-
trode 213 through power supply 218. Charge species
accumulating on the surface of and in liquid 210 are de-
livered to liquid surface 214 prior to laser pulse 217 as
described above for the solid surface laser desorption
samples. Liquid 210 can flow through channel 215 or be
loaded as a static sample during laser desorption ioniza-
tion. Desorbed ions can be formed by laser desorption
of sample components from water using infared lasers.
Glycerol can be used as a liquid surface with low volatility
in atmospheric pressure and intermediate pressure laser
desorption ion sources. Precharging the liquid surface
prior to applying a laser pulse can improve the ionization
efficiency of such samples during laser desorption. In an
alternative embodiment of liquid sample laser desorption
probe 226, laser pulse 220 is applied to the underside of
liquid sample surface 224 as diagrammed in Figure 9D.
Fiber optic bundle 221 passed through dielectric block
227. Liquid sample 225 is introduced through annulus
228 forming sample surface 224 as it exits annulus 228.
Charging electrode 229 is electrically insulated in dielec-
tric block 227 with voltage applied through power supply
230. Precharging of electrically floating surface 224 and
solution 225 can occur when an opposite polarity elec-
trical potential is applied to charging electrode 226 at-
tracting gas phase charged species to surface 224. When
saturation of charging in electrically isolated solution 225
is achieved, laser 222 delivers laser pulse 220 through
optical focusing elements 223 and fiber optic bundle 221
to laser desorb sample liquid 225 from surface 224. Liquid
sample solution 225 may contain matrix components that
absorb the wavelength of laser light used to enhance
laser desorption efficiency.

[0043] Increased flexibility in target plate design and
laser desorption source operation can be achieved while
improving performance by separating the laser desorp-
tion region from the ion focusing region into a vacuum
orifice in atmospheric pressure laser desorption ion
sources. An alternative embodiment of the invention in
which the ion generation and sampling regions are sep-
arated is diagrammed in Figures 10A through 10C. Laser
desorption ion source 240 comprising target plate cham-
ber 241 with target plate 270 and charging electrode 244
isinterfaced to three stage vacuum system 288 with mass
to charge analyzer and detector 267. Target plate cham-
ber 241 is separated from endplate electrode 255, focus-
ing electrode 256 and capillary entrance electrode 271
by annular electrode assembly 252. No line of sight exists
between sample 245 and capillary entrance 259 reducing
the transport of contamination neutrals and charged par-
ticles into vacuum minimizing contamination vacuum ion
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optics and decreasing chemical noise in acquired mass
spectrum. lon focusing region 272 where ions are fo-
cused into vacuum orifice 259 is separated from ion gen-
eration region 251 allowing independent optimization of
both functions. Charge droplet sprayer 274, employing
pneumatic nebulization, is positioned in center section
275 of annular electrode assembly 252 with face elec-
trode 253 serving as the ring electrode for charged drop-
let sprayer 274. Alternative ion generation means as de-
scribed above for alternative ion source embodiments,
can be can be configured in laser desorption ion source
240 replacing pneumatic nebulization charged droplet
sprayer 274. In the embodiment shown, charged droplet
sprayer 274 is positioned on the centerline 285 of ion
source 240 spraying toward sample 245. Target plate
gas controller 242, with similar configurations and func-
tions as described above, supplies heated target gas
243. Ifrequired, ions 247 can be generated in target plate
gas controller 242 and delivered to target plate chamber
241 entrained in target gas flow 243. Target plate gas
flow 243 exits target plate chamber 241 through opening
287 in target plate counter electrode 250. Target plate
gas flow 288 entering region 251 directly opposes neb-
ulization gas flow 280 from charged droplet sprayer 274
forming a gas stagnation and mixing region in region 251.
[0044] In Figure 10A, the relative voltages applied to
charging electrode 244, target plate counter electrode
250, annular electrode 253 and charged droplet sprayer
274 are set to accumulate charge 246 on the surface of
sample 245. Target plate gas flow 288 facilitates drying
of charged droplets produced from charged droplet
sprayer 274. lons 248 generated from the evaporating
charged droplets are directed toward sample 245 by the
electric field applied in region 251. Charged species 247
entrained in target plate gas flow 243 are also directed
toward the surface of sample 245 by the applied electric
field. When sufficient charge has been accumulated on
the surface of sample 245, laser pulse 281 is fired at
sample 245 from laser 282 through lens 283 and reflected
off mirror 284 as shown in Figure 10B. As described for
alternative embodiments above, relative voltages ap-
plied to electrodes 244,250 and 253 and charged droplet
sprayer 274 are changed just before, concurrent with or
just after laser pulse 281 is fired to facilitate the release
of charged species from sample 245. The timing of the
voltage change relative the laser pulse eventis optimized
to maximize sample ionization efficiency. In the example
shown, the voltage applied to electrode 253 remains con-
stant during the sample charging, ion desorption and ion
focusing steps. Nebulization gas flow 280 from charged
droplet sprayer 274 and target plate gas flow 280 remains
on during the sample charging, ion desorption and ex-
traction and ion focusing steps providing a gas phase
stagnation and mixing region in region 251 during each
operating step. This mixing region facilitates gas phase
ionization of desorbed neutral sample molecules by ions
247 entrained in target plate gas flow 288 during the de-
sorption, extraction and ion focusing steps. Following a
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short delay after laser pulse 281 to allow desorbed ions
and neutral species to move into region 251, the relative
voltages applied to electrodes 244 and 250 and charged
droplet sprayer 274 are changed to optimize ion trans-
mission and focusing into bore 258 of capillary 257
through annulus 292 of annular electrode assembly 252
as illustrated in Figure 10C.

[0045] Countercurrent drying gas 262 traverses gas
heater 261 and flows through the center aperture of end-
plate electrode 255. Heated drying gas flow 260 is direct-
ed along endplate electrode 255 and through annulus
292 of annular electrode assembly 252. Heated counter-
current gas flow 260 becoming gas flow 277, moves in
the opposite direction to ion movement through annulus
292 of annular electrode assembly 252 as ions are di-
rected from region 251 to capillary bore entrance 259 as
shown in Figure 10C. Heated countercurrent gas flows
260 and 277 sweep any neutral contamination species
away from annulus 292 of annular electrode assembly
252 preventing neutral contamination species from en-
tering vacuum through capillary bore 258. Voltages are
applied to the electrodes in electrode assembly 252 to
focus and direct ions from region 251 to region 295 and
into capillary bore entrance 259. Voltages applied to elec-
trodes 294, 254, 255, 258 and capillary entrance elec-
trode 271 are set to direct desorbed and gas phase gen-
erated ions 290 leaving electrode assembly annulus 292
through the center opening in endplate electrode 255 and
focus ions 291 into capillary bore entrance 259 as shown
in Figure 10C. Annular electrode assembly 252 decou-
ples ion formation region 251 from the capillary entrance
region allowing the performance in both regions to be
optimized independently. Gas flows and gas tempera-
tures, surface charging, ionization efficiency and the
transport of ions into annular lens assembly 252 can be
optimized in region 251. lon focusing into capillary bore
258 inregion 291 is decoupled from variable settings and
step sequences occurring in region 251 allowing optimi-
zation of ion transport and focusing separate from per-
formance optimization in region 251. Optimization of var-
iables in focusing region 295 increases sensitivity of
mass to charge analysis by increasing the efficiency of
ion transport into capillary bore 258. Desorbed or gas
phase generated ions entering capillary bore 258 pass
into vacuum, pass through skimmer 297 and ion guide
266 and are analyzed in mass to charge analyzer and
detector 267. Target gas flow 243, pneumatic nebulizer
gas flow 280 and countercurrent gas flow 260 and 277
exit laser desorption ion source at gas outlet 298. Laser
desorption ion source 240 may be operated at near at-
mospheric pressure. Alternatively laser desorption ion
source 240 can be operated at pressures above one at-
mosphere to prevent outside contamination from back-
streaming into the ion source chamber or at pressures
below one atmosphere to accommodate negative pres-
sure venting systems.

[0046] An alternative embodiment of the invention is
diagrammed in Figure 11 where combination Electro-
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spray and laser desorption ion source 300 comprises an-
nular electrode assembly 301. Charged droplet sprayer
302 with or without pneumatic nebulization generates
charged species that are directed to the surface of sam-
ple 303 during the charge accumulation step. Sample is
desorbed and ionized by laser pulse 317 fired from laser
310. The ions generated are directed into and through
annular electrode assembly 301 by applying the appro-
priate voltages to back electrode 308, charged droplet
sprayer 302, charging electrode 305 and annular elec-
trode assembly 301. lons exiting annular electrode as-
sembly 301 are focused into bore 313 of capillary 314
moving against countercurrent drying gas 315. Optical
imager 309 can be used to image the surface of sample
303. Based on this image, the position of laser pulse 317
and the tip of charging electrode 305 can be adjusted to
provide optimal performance. Alternatively, sample ions
can be generated from charged droplet sprayer 302. Tar-
get plate gas flow 307 aids in drying charged droples 307
produced by charged droplet sprayer 302. lons generat-
ed from the evaporating charged droplets produced by
charged droplet sprayer 302 are directed and focused
into annulus 318 of annular electrode assembly 301. The
charged droplet spray generated ions are directed
through annulus 318 and focused into bore 313 of cap-
illary 314. Alternatively, charged droplet sprayer 312 po-
sitioned orthogonal to target plate 304 can generate ions
for charging sample 303 prior to laser desorption or can
generate sample ions directly for mass to charged anal-
ysis. Annular lens assembly 301 configured in multiple
ionization type ion source 300 decouples the ion produc-
tion region from the ion focusing region into bore 313 of
capillary 314 allowing decoupled optimization of each re-
gion and reducing mass spectrum noise from neutral con-
tamination components entering vacuum. The sensitivity
of mass to charged analysis is increased by the improved
focusing of ions passing though regions 319 and 320 into
capillary bore 313. Laser desorption of sample 304 and
Electrospray ionization of a sample solution can occur
simultaneously or independently in ion source 300. Run-
ning Electrospray simultaneously with laser desorption
ionization allows gas phase ion-molecules reactions or
the addition of known internal calibration peaks during
mass spectrum acquisition.

[0047] The charging of a sample surface prior to con-
ducting laser desorption can improve the efficiency ofion
production in vacuum. Time-Of-Flight mass to charge
analysis ofions generated from laser desorption or matrix
assisted laser desorption in vacuum is well known in the
art Charging of sample surfaces prior to laser desorption
can reduce mass measurement accuracies and resolv-
ing power In conventional MALDI TOF mass to charge
analysis. When the steps of ion desorption and acceler-
ation into the TOF flight tube are coupled, the kinetic en-
ergy of the desorbed ion species can effect the ion flight
time. Charging of the ion surface can change the des-
orbed ion energy from laser shot to laser shot modifying
the flight time of the desorbed ion species. Time delay
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acceleration of ions into the TOF pulsing region after a
laser pulse can reduce the effects of initial ion energy
spread and neutral gas interference but cannot compen-
sate entirely for shot to shot differences in surface charg-
ing. Charging of a sample prior to a laser pulse in vacuum
can be used in TOF mass to charge analysis if the laser
desorption step and subsequent acceleration of ions into
the TOF flight tube are decoupled. US Patent Number
US 6,683,301 B2, (US patent '301) describes the appa-
ratus and method for decoupling the steps of laser des-
orption of a sample in vacuum and subsequent pulsing
of the ions generated into a TOF flight tube,for mass to
charged analysis. As described in US patent '301, ions
generated in the laser desorption step are directed to and
trapped above a surface in near field potential wells
formed by a high frequency electric field. The trappedion
population is subsequently accelerated into the TOF
flight tube. Charging of the sample surface prior to the
laser desorption step can be incorporated into such an
apparatus and method to improve ionization efficiency
or to conduct ion molecule reactions prior to laser des-
orption as diagrammed in Figures 12A through 12D.

[0048] An alternative embodiment of the invention is
diagrammed in Figure 12A through 12D mounted in vac-
uum chamber 340. Figure 12A illustrates the step of
charge accumulation on the surface of sample 341 po-
sitioned on dielectric target plate 342. Charge is accu-
mulated on the surface of sample 341 by directing ion
beam 345 to the surface of sample 341 by applying the
appropriate focusing and accelerating potentials to
charging electrode 346, focusing electrode set 344, tar-
get plate counter electrode 347, TOF pulsing region en-
trance electrode 348, trapping surface 350, trapping elec-
trode 349, and ion accelerating electrodes 351, 352 and
353. lon beam 345 is generated by ion source 343 op-
erating in vacuum. lon source 343 may be an electron
bombardment, chemical ionization, glow discharge, or
other vacuum ion source known in the art. When the max-
imum charging of the surface of sample 341 has been
achieved, laser pulse 358 is directed to sample 341 from
laser 359 through optical lens 360 and reflected off mirror
361 as shown in Figure 12B. The voltages applied to
electrodes 346, 347, 344, 348, 349, 351 and trapping
surface 350 are changed to direct the population of de-
sorbed ion species 362 toward trapping surface 350 and
trap desorbed ions 362 above trapping surface 350 as
shown in Figures 12B and 12C. As described in US patent
’301, the reduction of kinetic energies ofions 365 trapped
above dynamic electric field trapping surface 350 may
be achieved by ion collisions with neutral background
gas or by laser cooling of ions. Sufficient neutral back-
ground gas may be locally present in TOF pulsing region
364 to reduce trapped ion kinetic energy or neutral gas
may be added to TOF pulsing region 364 through a
pulsed gas valve. Alternatively, laser cooling may be ap-
plied to reduce the trapped ion kinetic energy. Redirected
laser pulse 358 aimed at or along trapping surface 350
may be used for laser cooling of trapped ion 365 kinetic
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energy although a reduction in power may be required
compared with laser desorption pulse 358. Laser pulse
or beam 358 can be redirected toward trapping surface
350 by moving the angle of mirror 361 and the laser power
can be reduced by defocusing laser pulse 358 using lens
360 or reducing the power output of laser 359. After the
kinetic energy spread of trapped ions 365 has been re-
duced, voltages are changed on trapping surface 350,
electrode 349 and grid electrodes 351 and 352 to accel-
erate or push-pull trapped ions 365 into TOF flight tube
355 through grid electrodes 351, 352 and 353. Acceler-
atedions 368 may be steered in TOF flight tube 355 using
steering electrode set 354. lon 368 are accelerated from
trapping surface 350 into TOF flight tube 355 to maximize
TOF performance by changing voltages applied to trap-
ping surface 350 and electrodes 349, 351 and 352 as
more fully described in US patent '301. In the embodi-
ment shown in Figures 12A through 12D grid electrode
353 forms part of the TOF flight tube and the voltage
applied to electrode 353 and remains constant during the
sample charging, laser desorption, ion trapping and ion
acceleration steps described above.

[0049] lons accelerated from trapping surface 350 into
TOF flight tube 355 are mass to charge analyzed and
detected. TOF flight tube may comprise a linear flight
path or be configured with one or more ion reflectors to
increase mass to charge analysis resolving power. Mul-
tiple sample charging and laser desorption steps may be
conducted for each step of accelerating ions into TOF
Flight tube 355. This will increase analytical speed if the
trapped ion kinetic energy cooling step is the longest step
in the ion charging, desorption, extraction and analysis
sequence. Target plate 342 can be rotated or translated
to move different samples into position or to optimize the
sample position relative to the tip of charging electrode
346 and laser pulse 358. Optical imaging of the sample
may be performed to direct adjustment of the sample
surface for optimal performance. Target plates are re-
moved and replaced by the changing of flange 370.
Flange 370 may be replaced with an automatic target
plate loading and pumpdown system that allows removal
and loading of target plate 342 without venting TOF flight
tube vacuum chamber 340. Unlike conventional vacuum
laser desorption, the flatness tolerance, dimensional re-
producibility and material selection of target plate 342
are relaxed in the embodiment of the invention shown.
This reduces cost and improves selection of materials
that may be more compatible with specific samples.
[0050] Sample charging prior to laser desorption can
be configured with ion guides in atmospheric pressure,
intermediate pressure and vacuum laser desorption ion
sources. US PatentNumber US 6,707,037 B2 (US patent
’037) describes laser desorption ion sources comprising
multipole ion guides configured in atmospheric pressure,
intermediate pressure and vacuum regions. The step of
charge accumulation on or near the sample surface prior
to applying a laser desorption pulse can be added to em-
bodiments described in US patent '037. Separately gen-
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erated reagent ions can be introduced axially through the
ends of multipole ion guides or radially through the gaps
between rods in multipole ion guides prior to applying a
laser desorption pulse to a sample. The added reagent
ion charge can accumulate on the sample surface or be
trapped in the multipole ion guides to enhance ion-mol-
ecule reaction gas phase ionization of neutral desorbed
components through ion-molecule reactions. Reagent
ions of the opposite polarity can be added to the multipole
ion guide volume to promote gas phase ion-ion reactions.
For desorbed positive multiply charged ions, the addition
of an electron to multiply charged positive polarity ions
through ion-ion gas phase reactions may lead to positive
ion fragmentation through electron capture or electron
transfer fragmentation mechanisms. lons generated
through laser desorption or gas phase ion-molecule re-
actions are directed through the ion guide to a mass to
charge analyzer for mass to charge analysis employing
methods and apparatus as described in US patent '037.
Other ion guides such as sequential disk RF ion guides
or other ion guide types known in the art may be used
as an alternative to the multipole ion guide embodiments.
[0051] lons generated in the laser desorption ion
sources described above alternatively be analyzed using
ion mobility analyzers or combinations of ion mobility an-
alyzers with mass spectrometers.

[0052] Configuration and operation of the embodi-
ments of laser desorption ion source as described above
provide performance improvements as described above
and as listed below:

a) By precisely timing and positioning the laser de-
sorption process to coincide with a potential pulse
to the sample, the sample can be desorbed and ion-
ized from the target in optimum electric fields and
flow leading to efficient extraction of ions from the
target, and by subsequently cycling the electric po-
tential to more appropriate focusing fields the ions
can be more efficiently focused and transmitted to
and through the conductance opening to lower pres-
sures.

b) By charging the sample surface with reagent ions
or electrons prior to the laser desorption process,
the ionization process can occur more efficiently.
c) By charging the sample with selected reagentions
the selectivity of ionization process can be improved
and analyte can be chemically labeled or tagged.
d) By charging the sample with selected reagentions
ata predetermined collection point and matching the
collection point with the laser pulse, a specific point
on a sample (e.g. stained spot of 2D gel or organelle
in tissue sample) can be selectively desorbed and
ionized.

e) By laser desorbing and ionizing samples at higher
pressures, such as atatmospheric pressure, the mo-
tion of the gas-phase ions is more controllable than
performing desorption and ionization at lower pres-
sures because the ions tend to follow the electric
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field in absence of flow or other forces. The addition
of flow as a ion focusing parameter gives the device
more degrees of freedom to control motion and en-
hance focusing (e.g. counterflow in focusing field can
enhance focusing).

f) By introducing sample from a liquid stream such
as capillary electrophoresis or liquid chromatogra-
phy, the device can operate as a continuous inter-
face for LC/MS or CE/MS.

g) By controlling the extraction and focusing fields in
a time-sequence to optimize both processes, the
alignment and position of the sample relative to the
conductance opening is less critical.

h) By using optical alignment instead of positional
alignment of sample and conductance opening, the
loading of the sample into the source becomes much
easier and the nature of the sample (e.g. directtissue
samples, direct 2D gels or western blots, flowing
sample) can be far more diverse than conventional
MALDI spots.

Claims

1. An apparatus for generating gas phase ions from a
sample substance comprising:

(a) a sample holder (5);

(b) a sample (4) held by said sample holder (5);
(c) a reagent ion source (24, 58) for generating
gas phase reagent ions (71, 75, 90);

(d) ion optics comprising electrodes (28, 30, 32,
44, 47, 48, 61, 63);

(e) means (34, 35, 49, 50, 51, 56, 64, 65) for
applying afirst set of voltages to said electrodes
(28, 30, 32,44,47,48, 61, 63) to direct said gas
phase reagent ions onto said sample;

(f) a pulsed light source (7) for generating light
pulses (40) directed at said sample (4) to pro-
duce gas phase sample related ions (88, 90)
and neutral species;

(g) means (34, 35, 49, 50, 51, 56, 64, 65) for
applying a second set of voltages to said elec-
trodes (28, 30, 32, 44, 47, 48, 61, 63) to direct
said gas phase sample related ions (88, 90)
away from said sample (4);

(h) means (34, 35, 49, 50, 51, 56, 64, 65) for
changing between said first set of voltages and
said second set of voltages; and,

(i) means for synchronizing said means (34, 35,
49, 50, 51, 56, 64, 65) for changing between
said first set of voltages and said second set of
voltages just prior to, during or just after said
light pulses (40) are directed to said sample.

2. An apparatus according to claim 1 for analyzing
chemical species, further comprising a mass to
charge analyzer and detector (3), wherein said ion
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optics with said second set of voltages applied di-
rects said sample related ions (88, 90) toward said
mass to charge analyzer and detector (3).

An apparatus according to claim 2 further comprising

(a) at least one vacuum pumping stage orifice
(78) located between said sample holder (5) and
said mass to charge analyzer and detector (3),
wherein said ion optics with said set of voltages
applied directs said sample related ions (88, 90)
toward said vacuum partition orifice (78);

(b) means (34, 35, 49, 50, 51, 56, 64, 65) for
applying a third set of approximately equal volt-
ages to said electrodes (28, 30, 32, 44, 47, 48,
61, 63) to focus and transmit said gas phase
sample related ions (88, 90) through said vacu-
um pumping stage orifice (78);

(c) means (34, 35, 49, 50, 51, 56, 64, 65) for
changing between said second set of voltages
and said third set of voltages; and,

(d) means for synchronizing said means (34, 35,
49, 50, 51, 56, 64, 65) for changing between
said second set of voltages and said third set of
voltages and said pulsed light source (7).

An apparatus according to claims 1, 2, or 3 wherein
said sample holder (5) is positioned in approximately
atmospheric pressure.

An apparatus according to claims 1, 2 or 3 wherein
said sample holder (140) is positioned in intermedi-
ate vacuum pressure ranging from 1300Pa to
0.013Pa (10 torr to 1 x 104 torr).

An apparatus according to claims 1, 2, or 3 wherein
said sample holder (140) is positioned in vacuum
pressure below 0.013 Pa (10 torr).

A method for generating gas phase sample related
ions (88, 90) from a sample (4), comprising:

(a) holding asample (4) with a sample holder (5);
(b) generating gas phase reagent ions (71, 75,
90) with a reagent ion source (24, 58);

(c) directing said gas phase reagent ions (71,
75, 90) with a first electric field (72) to accumu-
late charge on said sample (4);

(d) directing a pulse of light (40) at said sample
(4) to produce gas phase sample related ions
(88, 90) and neutral species; and

(e) changing said first electric field (72) to a sec-
ond electric field (77) prior to, during or just after
said pulse of light (40) to direct said gas phase
sample related ions (88, 90) away from said
sample holder (5).

8. Amethod accordingtoclaim 7 for analyzing chemical
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28
species, further comprising:

(a) directing said sample related ions (88, 90)
with said second electric field (77) into a mass
to charge analyzer with detector (3); and

(b) conducting mass to charge analysis of said
sample related ions (88, 90) with said mass to
charge analyzer with detector (3).

A method according to claim 8 for analyzing chemical
species, further comprising:

(a) directing said gas phase sample related ions
(88, 90) with said second electric field (77) to-
ward a vacuum pumping stage orifice (78) lo-
cated between said sample holder (5) and said
mass to charge analyzer and detector (3);

(b) changing said second electric field (77) to a
third, reduced electric field to focus and transmit
said gas phase sample related ions (88, 90)
through said vacuum pumping stage orifice (78).

A method according to claims 7, 8, or 9, wherein the
reagent ions are generated from a target gas con-
troller and wherein the method further comprises the
step of providing an appropriate field to permit rea-
gent ions (71, 75, 90) to mix with said gas phase
sample related neutral species to generate addition-
al gas phase sample related ions (88, 90).

A method according to claims 7, 8, or 9 wherein said
sample holder (5, 100) is positioned in approximately
atmospheric pressure.

A method according to claims 7, 8 or 9 wherein said
sample holder (140) is positioned in intermediate
vacuum pressure ranging from 1300 Pato 0.013 Pa
(10 torr to 1 x 10 torr).

A method according to claims 7, 8 or 9 wherein said
sample holder (140) is positioned in vacuum pres-
sure below 0.013 Pa (104 torr).

Patentanspriiche

1.

Vorrichtung zum Erzeugen von Gasphasen-lonen
aus einer Probensubstanz, aufweisend:

(a) einen Probenhalter (5);

(b) eine Probe (4), die durch den Probenhalter
(5) gehalten wird;

(c) eine Reaktant-lonenquelle (24, 58) zum Er-
zeugen von Gasphasen-Reaktantionen (71, 75,
90);

(d) eine lonenoptik, die Elektroden (28, 30, 32,
44, 47, 48, 61, 63) aufweist;

(e) eine Einrichtung (34, 35, 49, 50, 51, 56, 64,
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65) zum Anlegen eines ersten Satzes von Span-
nungen an die Elektroden (28, 30, 32, 44, 47,
48, 61, 63), um die Gasphasen-Reaktantionen
auf die Probe zu lenken;

(f) eine gepulste Lichtquelle (7) zum Erzeugen
von Lichtpulsen (40), die auf die Probe (4) ge-
lenkt werden, um Gasphasenprobe-bezogene
lonen (88, 90) und neutrale Spezies zu erzeu-
gen;

(9) eine Einrichtung (34, 35, 49, 50, 51, 56, 64,
65) zum Anlegen eines zweiten Satzes von
Spannungen an die Elektroden (28, 30, 32, 44,
47, 48, 61, 63), um die Gasphasenprobe-bezo-
genen lonen (88, 90) weg von der Probe (4) zu
lenken;

(h) eine Einrichtung (34, 35, 49, 50, 51, 56, 64,
65) zum Umwechseln zwischen dem ersten
Satz von Spannungen und dem zweiten Satz
von Spannungen; und

(i) eine Einrichtung zum Synchronisieren der
Einrichtung (34, 35, 49, 50, 51, 56, 64, 65) zum
Umwechseln zwischen dem ersten Satz von
Spannungen und dem zweiten Satz von Span-
nungen, und zwar direkt vor, wahrend oder di-
rekt nachdem die Lichtpulse (40) auf die Probe
gelenkt werden.

Vorrichtung nach Anspruch 1 zum Analysieren von
chemischen Spezies, die weiter eine Masse-zu-La-
dungs-Analyse- und -Erfassungseinrichtung (3) auf-
weist, wobei die lonenoptik, bei angelegtem zweiten
Satz von Spannungen, die Probe-bezogenen lonen
(88, 90) hin zu der Massen-zu-Ladungs-Analyse-
und -Erfassungseinrichtung (3) lenkt.

Vorrichtung nach Anspruch 2, weiter aufweisend

(a) mindestens eine Offnung (78) eines Vaku-
umpumpabschnitts, die sich zwischen dem Pro-
benhalter (5) und der Masse-zu-Ladungs-Ana-
lyse- und -Erfassungseinrichtung (3) befindet,
wobei die lonenoptik, bei angelegtem Satz von
Spannungen, die Probe-bezogenen lonen (88,
90) hin zu der Vakuumabschnittsoéffnung (78)
lenkt;

(b) eine Einrichtung (34, 35, 49, 50, 51, 56, 64,
65) zum Anlegen eines dritten Satzes von na-
herungsweise gleichen Spannungen an die
Elektroden (28, 30, 32, 44, 47, 48, 61, 63), um
die Gasphasenprobe-bezogenen lonen (88, 90)
zu fokussieren und durch die Vakuumpumpab-
schnitt-Offnung (78) hindurch zu iibertragen;
(c) eine Einrichtung (34, 35, 49, 50, 51, 56, 64,
65) zum Umwechseln zwischen dem zweiten
Satz von Spannungen und dem dritten Satz von
Spannungen; und

(d) eine Einrichtung, um die Einrichtung (34, 35,
49, 50, 51, 56, 64, 65) zum Umwechseln zwi-
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schen dem zweiten Satz von Spannungen und
dem dritten Satz von Spannungen und die ge-
pulste Lichtquelle zu synchronisieren.

Vorrichtung nach den Anspriichen 1, 2 oder 3, wobei
der Probenhalter (5) in ndherungsweise atmospha-
rischem Druck angeordnet ist.

Vorrichtung nach den Anspriichen 1, 2 oder 3, wobei
der Probenhalter (140) in mittlerem Vakuumdruck
zwischen 1300 Pa und 0,013 Pa (10 Torr bis 1 x 10-4
Torr) angeordnet ist.

Vorrichtung nach den Anspriichen 1, 2 oder 3, wobei
der Probenhalter (140) in einem Vakuumdruck von
weniger als 0,013 Pa (104 Torr) angeordnet ist.

Verfahren zur Erzeugung von Gasphasenprobe-be-
zogenen lonen (88, 90) aus einer Probe (4), umfas-
send:

(a) Halten einer Probe (4) mit einem Probenhal-
ter (5);

(b) Erzeugen von Gasphasen-Reaktantionen
(71, 75, 90) mit einer Reaktantionenquelle (24,
58)

(c) Lenken der Gasphasen-Reaktantionen (71,
75, 90) mit einem ersten elektrischen Feld (72),
um eine Ladung auf der Probe (4) zu akkumu-
lieren;

(d) Lenken eines Lichtpulses (40) auf die Probe
(4), um Gasphasenprobe-bezogene lonen (88,
90) und neutrale Spezies zu erzeugen; und

(e) Andern des ersten elektrischen Feldes (72)
auf ein zweites elektrisches Feld (77), und zwar
vor, wahrend oder direkt nach dem Lichtpuls
(40), um die Gasphasenprobe-bezogenen lo-
nen (88, 90) weg von dem Probenhalter (5) zu
lenken.

8. Verfahren nach Anspruch 7 zum Analysieren von

chemischen Spezies, weiter umfassend:

(a) Lenken der Probe-bezogenen lonen (88, 90)
mit dem zweiten elektrischen Feld (77) in eine
Masse-zu-Ladungs-Analyse- und -Erfassungs-
einrichtung (3);

(b) Ausfiihren einer Masse-zu-Ladungs-Analy-
se der Probe-bezogenen lonen (88, 90) mit der
Masse-zu-Ladungs-Analyse- und -Erfassungs-
einrichtung (3).

9. Verfahren nach Anspruch 8 zum Analysieren von

chemischen Spezies, weiter umfassend:

(a) Lenken der Gasphasenprobe-bezogenen lo-
nen (88, 90) mit dem zweiten elektrischen Feld
(77) hin zu einer Vakuumpumpabschnitt-Off-
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nung (78), die sich zwischen dem Probenhalter
(5) und der Masse-zu-Ladungs-Analyse- und
-Erfassungseinrichtung (3) befindet;

(b) Andern des zweiten elektrischen Feldes (77)
auf ein drittes, reduziertes elektrisches Feld, um
die Gasphasenprobe-bezogenen lonen (88, 90)
zu fokussieren und durch die Vakuumpumpab-
schnitt-Offnung (78) hindurch zu iibertragen.

Verfahren nach den Anspriichen 7, 8 oder 9, wobei
die Reaktant-lonen von einer Targetgas-Steuerein-
richtung erzeugt werden und wobei das Verfahren
weiter den Schritt beinhaltet, bei dem ein geeignetes
Feld bereitgestellt wird, um zu ermdglichen, dass
Reaktant-lonen (71, 75, 90) mit den Gasphasenpro-
be-bezogenen neutralen Spezies vermischtwerden,
um zuséatzliche Gasphasenprobe-bezogene lonen
(88, 90) zu erzeugen.

Verfahren nach den Anspriichen 7, 8 oder 9, wobei
der Probenhalter (5, 100) in ndherungsweise atmos-
phéarischem Druck angeordnet ist.

Verfahren nach den Anspriichen 7, 8 oder 9, wobei
der Probenhalter (140) in mittlerem Vakuumdruck
zwischen 1300 Pa und 0,013 Pa (10 Torr bis 1 x 104
Torr) angeordnet ist.

Verfahren nach den Anspriichen 7, 8 oder 9, wobei
der Probenhalter (140) in einem Vakuumdruck von
weniger als 0,013 Pa (10 Torr) angeordnet ist.

Revendications

1.

Appareil pour générer des ions en phase gazeuse a
partir d’'une substance échantillon, comprenant :

(a) un porte-échantillon (5) ;

(b) un échantillon (4) supporté par ledit porte-
échantillon (5) ;

(c) une source d’ions réactifs (24, 58) pour gé-
nérer des ions réactifs en phase gazeuse (71,
75, 90) ;

(d) des composant optiques ioniques compre-
nant des électrodes (28, 30, 32, 44, 47, 48, 61,
63) ;

(e) des moyens (34, 35, 49, 50, 51, 56, 64, 65)
pour appliquer un premier ensemble de tensions
auxdites électrodes (28, 30, 32, 44, 47, 48, 61,
63) afin de diriger lesdits ions réactifs en phase
gazeuse jusque sur ledit échantillon ;

(f) une source de lumiere pulsée (7) pour géné-
rer des impulsions de lumiere (40) dirigées vers
ledit échantillon (4) pour produire des ions rela-
tifs a I'échantillon en phase gazeuse (88, 90) et
des espéces neutres ;

(g) des moyens (34, 35, 49, 50, 51, 56, 64, 65)
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pour appliquer un deuxieme ensemble de ten-
sions auxdites électrodes (28, 30, 32, 44, 47,
48, 61, 63) afin de diriger lesdits ions relatifs a
I'’échantillon en phase gazeuse (88, 90) a dis-
tance dudit échantillon (4) ;

(h) des moyens (34, 35, 49, 50, 51, 56, 64, 65)
pour changer entre ledit premier ensemble de
tensions et ledit deuxieme ensemble de
tensions ; et

(i) des moyens pour synchroniser lesdits
moyens (34, 35, 49, 50, 51, 56, 64, 65) pour
changer entre ledit premier ensemble de ten-
sions et ledit deuxiéme ensemble de tensions
juste avant, pendant ou juste aprés que lesdites
impulsions de lumiéere (40) soient dirigées vers
ledit échantillon.

Appareil selon la revendication 1 pour analyser des
especes chimiques, comprenant en outre un analy-
seur et détecteur de masse sur charge (3), dans le-
quellesdits composants optiques ioniques avec ledit
deuxieme ensemble de tensions appliquées dirige
lesdits ions relatifs a I'échantillon (88, 90) en direc-
tion de I'analyseur et détecteur de masse sur charge

3).

Appareil selon la revendication 2, comprenant en
outre

(a) au moins un orifice d’étage de pompage a
vide (78) situé entre ledit porte-échantillon (5)
et ledit analyseur et détecteur de masse sur
charge (3), dans lequel lesdits composants op-
tiquesioniques, avecleditensemble de tensions
appliquées, dirigent lesdits ions relatifs a
I’échantillon (88, 90) vers ledit orifice de cloison
sous vide (78) ;

(b) des moyens (34, 35, 49, 50, 51, 56, 64, 65)
pour appliquer un troisieme ensemble de ten-
sions approximativement égales auxdites élec-
trodes (28, 30, 32, 44, 47, 48, 61, 63) pour fo-
caliser et transmettre lesdits ions relatifs a
I’échantillon en phase gazeuse (88, 90) atravers
ledit orifice d’étage de pompage a vide (78) ;
(c) des moyens (34, 35, 49, 50, 51, 56, 64, 65)
pour changer entre ledit deuxiéme ensemble de
tensions et ledit troisieme ensemble de
tensions ; et,

(d) des moyens pour synchroniser lesdits
moyens (34, 35, 49, 50, 51, 56, 64, 65) pour
changer entre ledit deuxiéme ensemble de ten-
sions et ledit troisieme ensemble de tensions et
ladite source de lumiére pulsée (7).

4. Appareil selon les revendications 1, 2 ou 3, dans

lequel ledit porte-échantillon (5) est positionné dans
une pression approximativement atmosphérique.
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5. Appareil selon les revendications 1, 2 ou 3, dans

lequel ledit porte-échantillon (140) est positionné
dans une pression de vide intermédiaire allant de 1
300 Pa 40,013 Pa (10 torrs & 1 x 104 torr) .

Appareil selon larevendication 1, 2 ou 3, dans lequel
ledit porte-échantillon (140) est positionné dans une
pression de vide inférieure & 0,013 Pa (10 torr).

Procédé pour la production d’ions relatifs a I’échan-
tillon en phase gazeuse (88, 90) a partir d’'un échan-
tillon (4), comprenant les étapes consistant a :

(a) supporte un échantillon (4) a I'aide d’un por-
te-échantillon (5) ;

(b) générer des ions réactifs en phase gazeuse
(71, 75, 90) a I'aide d’'une source d’ions réactifs
(24, 58) ;

(c) diriger lesdits ions réactifs en phase gazeuse
(71, 75, 90) avec un premier champ électrique
(72) pour accumuler une charge sur ledit échan-
tillon (4) ;

(d) diriger une impulsion de lumiére (40) sur ledit
échantillon (4) pour produire des ions relatifs a
I'échantillon en phase gazeuse (88, 90) et des
espéces neutres ; et

(e) changer ledit premier champ électrique (72)
pour un second champ électrique (77) avant,
pendant ou juste aprés ladite impulsion de lu-
miére (40) pour diriger lesdits ions relatifs a
I'échantillon en phase gazeuse (88, 90) a dis-
tance dudit porte-échantillon (5).

Procédé selon la revendication 7 pour analyser des
espéces chimiques, comprenant en outre les étapes
consistant a :

(a) diriger lesdits ions relatifs a I'échantillon (88,
90) avec ledit second champ électrique (77) jus-
que dans un analyseur et détecteur de masse
sur charge (3) ; et

(b) réaliser une analyse de masse sur charge
desdits ions relatifs a I'’échantillon (88, 90) avec
leditanalyseur et détecteur de masse sur charge

@)

9. Procédé selon la revendication 8 pour analyser des

espéces chimiques, comprenant en outre les étapes
consistant a :

(a) diriger lesdits ions relatifs a I'échantillon en
phase gazeuse (88, 90) avec ledit second
champ électrique (77) vers un orifice d’étage de
pompage a vide (78) situé entre ledit porte-
échantillon (5) et ledit analyseur et détecteur de
masse sur charge ;

(b) changer ledit deuxieme champ électrique
(77) pour un troisieme champ électrique réduit,

($]
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10.

1.

12.

13.

34

pour focaliser et transmettre lesdits ions relatifs
a I'échantillon en phase gazeuse (88, 90) a tra-
vers ledit orifice d’étage de pompage a vide (78).

Procédé selon les revendications 7, 8 ou 9, dans
lequel les ions réactifs sont générés a partir d’'un
dispositif de commande de gaz cible, et dans lequel
le procédé comprend en outre I'étape consistant a
fournir un champ approprié pour permettre a des
ions réactifs (71, 75, 90) de se mélanger avec des
espéces neutres relatives a I'échantillon en phase
gazeuse afin de générer des ions relatifs a I'échan-
tillon en phase gazeuse (88, 90).

Procédé selon les revendications 7, 8 ou 9, dans
lequel ledit porte-échantillon (5, 100) est positionné
dans une pression approximativement atmosphéri-
que.

Procédé selon les revendications 7, 8 ou 9, dans
lequel ledit porte-échantillon (140) est positionné
dans une pression de vide intermédiaire allant de 1
300 Pa 4 0,013 Pa (10 torrs & 1 x 10-4 torr) .

Procédé selon les revendications 7, 8 ou 9, dans
lequel ledit porte-échantillon (140) est positionné
dans une pression de vide inférieure 40,013 Pa (104
torr).
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Figure 2A
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Figure 2B
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Figure 2C
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