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LAMINATED LENS FOR INTRODUCING
GAS-PHASE IONS INTO THE VACUUM
SYSTEMS OF MASS SPECTROMETERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is entitled to the benefits of provisional
Patent Applications Ser. No. 60/410,653 filed Sep. 13, 2002.

RELEVANT CO-PENDING APPLICATIONS

Provisional Patent Applications Ser. No. 60/210,877 filed
Jun. 9, 2000 and patent application Ser. No. 09/877,167 filed
Jun. 8, 2001, now U.S. Pat. No. 6,744,041 issued 2004 Jun.
1, and provisional Patent Applications Ser. No. 60/384,869
filed Jun. 1, 2002, now patent application Ser. No. 10/499,
147 filed May 31, 2003.

FEDERALLY SPONSORED RESEARCH

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

SEQUENCE LISTING OR PROGRAM
Not Applicable

BACKGROUND OF THE INVENTION—FIELD
OF INVENTION

This invention relates to laminated lenses which are used
for interfacing atmospheric pressure ionization sources to
atmospheric inlets, such as apertures and glass capillaries,
leading into mass spectrometers and ion mobility spectrom-
eters.

BACKGROUND OF THE INVENTION

Dispersive sources of ions at or near atmospheric pres-
sure; such as, atmospheric pressure discharge ionization,
chemical ionization, photoionization, or matrix assisted des-
orption ionization, and electrospray ionization have low
sampling efficiency through conductance or transmission
apertures, where less than 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
interfaces for mass spectrometry. Thereafter, scientists have
devised several means of delivering and transferring gas-
phase ions from atmospheric pressure sources into the
vacuum system of mass spectrometers, such as, using lower
flow sprayers to form very small droplets [referred to as
nanospray|, using increased heating of the aerosols to gen-
erate more ions [such as the commercial product, Tur-
boSpray by PE-Sciex], increasing the sampling diameter of
the sampling aperture at the atmospheric-lower pressure
interface, and using electrostatic, electrodynamic, or aero-
dynamic lens at atmospheric pressure to focus highly
charged liquid jets, aerosols of droplets and ion clusters, and
gas-phase ions.

Larger Entrance Aperture and Inlet Aperture Shape

Bruins (1991) summarizes several means for transferring
ions from an atmospheric ion source into the vacuum system
of a mass spectrometer: shape of lens and orifice size. Inlet
apertures in a flat disk and in the tip of a cone pointed toward
the ion source are presently the preferred means of ion
sampling through various aperture configurations. By
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increasing the diameter of the inlet aperture, more ions are
drawn into the aperture—the increase being related to the
increase in gas conductance. However, by increasing the
conductance aperture diameter, larger pumps are required to
maintain the pressure in the lower pressure regions, thereby,
increasing the system and operating costs of mass spectrom-
eters. This is also the case for ion mobility spectrometers
when operated at reduced pressure.

U.S. Pat. No. 6,455,846 B1 to Prior et al. (2002) discloses
a flared or horn inlet for introducing ions from an atmo-
spheric ionization chamber into the vacuum chamber of a
mass spectrometer. They also reported that the increase in
ion current recorded in the mass spectrometer was directly
proportional to the increase in the opening of the flared inlet.
Electrical and Aerodynamic Lens

Ion movement at higher pressures is not governed by the
ion-optical laws used to describe the movement of ions at
lower pressures. At lower pressures, the mass of the ions and
the influence of inertia on their movement play a prominent
role. While at higher pressures the migration of ions in an
electrical field is constantly impeded by collisions with the
gas molecules. In essence at atmospheric pressure there are
so many collisions, that the ions have no “memory” of
previous collisions and the initial energy of the ion is
“forgotten”. Their movement is therefore determined by the
direction of the electrical field lines and the viscous flow of
gases. At low viscous gas flow, the ions follow the electric
field lines [the situation at the entrance to apertures and
capillaries], while at higher viscous gas flow the movement
is in the direction of the gas flow. Inventors [as discussed
below] have disclosed various means of moving ions at
atmospheric pressure by shaping the electric field lines and
directing the flow of gases.
Housing Lens

Inventors have proposed shaping the electrostatic field
lines in front of the inlet aperture using electrodes at a
substantial distance from both the sprayer and the inlet
aperture. U.S. Pat. No. 5,432,343 to Gulcicek et al. (1995)
discloses a cylindrical electrostatic lens in the atmospheric
ionization chamber at an electrostatic potential greater than
the sprayer, the inlet aperture, and the end of a glass capillary
coated with a metal surface that shapes the electrostatic field
lines within the ionization or evaporation chamber. U.S. Pat.
No. 5,559,326 to Goodley et al (1996) and U.S. Pat. No.
5,750,988 to Apffel et al. (1998) both disclose a needle
electrode in front of the inlet aperture and an electrified
housing surrounding the sprayer. All of this work was for the
purpose of shaping the electrostatic field lines in front of the
sampling aperture to be either perpendicular to or converg-
ing onto the inlet aperture, however, these configurations
require the position of the sprayer or needle relative to the
sampling aperture to be set and predetermined so as to obtain
maximum ion sampling. Forcing the operator of the instru-
ment to place the sprayer back in the original position or to
reoptimize the potentials to return to the original operating
conditions.
Atmospheric Pressure: Lens at Sprayer

Several types of ring or planar electrodes at the sprayer
have been proposed to focus ions and charged droplets after
they leave the sprayer. U.S. Pat. No. 4,531,056 to Labowsky
et al. (1985) discloses a perforated diaphragm used to direct
the flow of a gas at an electrospray needle to aid the
evaporation of highly charged droplets emanating from the
needle and sweep away gas-phase solvent molecules from
the area in front of the inlet aperture. In addition, the
diaphragm was used to stabilize the position of the needle to
direct the liquid jet through a center aperture in the dia-
phragm into a desolvation or ionization region.
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