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(7) ABSTRACT

Internal mirror sputtering metal ion lasers are disclosed
which employ laser mirrors and a resonator internal to and
integral with the laser plasma tube. Preferred lasers use
silver, copper, gold and other metals individually or in
combination as optically active materials and buffer gases of
helium, neon, argon and other noble gases. Laser mirrors are
utilized to enhance or reject selected combinations of emis-
sion wavelengths. Because of the rapid response time of
these lasers, they may be employed as quasi-CW devices
with laser output pulse widths ranging from a few micro-
seconds to hundreds of microseconds and with very low
input power ranging from a few watts to about 500 watts.
The disclosed lasers approach the size, weight, power
consumption, and cost of a helium-neon laser while provid-
ing quasi-continuous output up to hundreds of milliwatts at
a wide range of wavelengths from about 200nm in the deep
ultraviolet to about 2000nm in the middle infrared. The
disclosed lasers employ methods for reduction of arc
formation, and use of commutated power supplies which
reduce arc formation and extend the lifetime of the lasers.
Applications for these lasers include analytical instruments
such as Raman spectrometers, high-pressure liquid chroma-
tography systems, and plane or gel electrophoresis systems.

44 Claims, 11 Drawing Sheets
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Figure 1b
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Figure 2¢
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1
SPUTTERING METAL ION LASER

FIELD OF THE INVENTION

The field of the present invention is sputtering metal ion
lasers, and more particularly compact, low power
consumption, low cost sputtering metal ion lasers which
emit at wavelengths from the deep ultraviolet near 200 nm
to the mid-infrared near 2000 nm.

BACKGROUND OF THE INVENTION

The background for and disclosure of the invention are
explained with reference to the following patents and pub-
lications each of which is hereby incorporated by reference
as if set forth in full herein:

(1) Milofsky, R. E. and E. S. Yeung, “Native Fluorescence
Detection of Nucleic Acids and DNA Restriction Frag-
ments in Capillary Electrophoresis”, Anal. Chem., vol.
65, (1993): pp. 153-157,

(2) Chi, Z., X. G. Chen, J. S. W. Holtz and S. A. Asher,
“UV Resonance Raman-Selective Amide Vibrational
Enhancement: Quantitative Methodology for Deter-
mining Protein Secondary Structure”, Biochemistry,
Vol. 37, (1988): pp. 2854-2864;

(3) Thomas, G. J., Spectroscopy of Biological Systems,
Ed. Clark, R. J. and R. E. Hester, John Wiley (1986);

(4) Cho, N., Song, S., and S. A. Asher, “UV Resonance
Raman and Excited-State Relaxation Rate Studies of
Hemoglobin”, Biochemistry, Vol. 33, (1994): pp.
5932-5941;

(5) Cho, N, and S. A. Asher, “UV Resonance Raman and
Absorption Studies of Angiotensin II Conformation in
Lipid Environments”, Biospectroscopy, Vol. 2, (1996):
pp- 71-82;

(6) Chronister, E. L., Corcoran, R. C. Song, L., and
El-Sayed, M., Proc. Nat’l Acad. Sci. (USA), Vol. 83,
(1986): pp. 8580-8583;

(7) Barry, B., and R. A. Mathies, Biochemistry, Vol. 26,
(1987): pp. 59-64;

(8) Asher, S. A., Methods in Enzuymology, Vol. 76,
(1981): pp. 371-383;

(9) Spiro, R. G., Biological Applications of Raman Spec-
troscopy: Vol. 11, John Wiley (1987);

(10) Asher, S. A., Ann. Rev. Phys. Chem., Vol. 39, (1988):
pp- 537-542;

(11) Asher, S. A., Johnson, C. R. and J. Murtaugh, Rev.
Sci. Instr. Vol. 54, (1983): pp. 1657-1659;

(12) Asher, S. A., Anal. Chem., Vol. 65, No.4, (Feb. 15,
1993): pp. 201-210.

(13) Gerstenberger, et al., “Hollow Cathode Metal Ion
Lasers”, IEEE J. Quantum Elect., vol. QE-16, No. 8,
(August 1980): pp. 820-834;

(14) U.S. Pat. No. 4,641,313, entitled “Room Temperature
Metal Vapour Laser”, to Tobin;

(15) McNeil, et al., “Ultraviolet Laser Action From Cu II
in the 2500-A Region”, App. Phys. Letters, vol. 28, No.
4, (Feb. 15, 1976): pp. 207-209;

(16) Warner, et al., “Metal-Vapor Production by Sputter-
ing in a Hollow-Cathode Discharge: Theory and
Experiment”, J. App. Phys., vol. 50, No. 9, (September
1979): pp. 5694-5703;

(17) Solanki, et al., “Multiwatt Operation of Cull and AgII
Hollow Cathode Lasers”, IEEE J. Quant. Elect., vol.
QE-16, No.12, (December 1980): pp.1292-1294.
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(18) Arslanbekov, et al., “Self-consistent Model of High
Current Density Segmented Hollow Cathode
Discharges”, J. App. Phys., vol. 81, No. 2, (January
1997): pp. 1-7;

(19) U.S. Pat. No. 5,311,529, entitled “Liquid Stabilized
Internal Mirror Lasers”, to Hug; and

(20) U.S. Pat. No. 4,953,176, entitled “Angular Optical
Cavity Alignment Adjustment Utilizing Variable Dis-
tribution Cooling”, to Ekstrand.

Existing lasers which emit in the deep ultraviolet between
200 nm and 300 nm have serious limitations in one or more
of the following: (1) the selection of emission wavelengths,
(2) average or instantaneous output power, (3) power
consumption, (4) reliability, (5) size, (6) weight, and (7)
cost. Because laser sources without these limitations have
never been developed and commercialized, a wide range of
commercial analytical instrumentation that could benefit
from such sources have never been enabled.

Capillary electrophoresis, high performance liquid
chromatography, laser-induced fluorescence, fluorescence
microscopy, and Raman spectroscopy are emerging as pow-
erful analytical tools for a wide range of biological and
chemical research. In addition, these instrumental tech-
niques are being increasing used in commercial applications
such as product inspection during the manufacture of phar-
maceutical and medical products, manufactured food prod-
ucts and other chemical products.

Capillary electrophoresis (CE) allows rapid separation of
complex chemical and biochemical mixtures and concen-
tration of specific analytes. Laser induced fluorescence (LIF)
allows the sensitive detection of analytes. Raman spectros-
copy (RS) allows a high level of chemical specificity. The
sensitivity and selectivity of these analytical instruments are
today considerably enhanced when combined with a laser,
which emits in the deep UV between 200 nm and 300 nm.
The principle limitation to widespread commercial use of
these systems is lack of commercially suitable UV lasers,
particularly associated with limitations in emission
wavelengths, duty cycle, size, power consumption,
complexity, cost and reliability of existing lasers. A need
exists in these fields for improved laser systems, particularly
in the deep UV, that overcome these disadvantages either
singly or in combination.

Capillary electrophoresis (CE) allows rapid separation of
complex chemical and biochemical mixtures. Laser induced
fluorescence (LIF) allows the sensitive detection of analytes.
Raman spectroscopy (RS) allows a high level of chemical
specificity. The sensitivity and selectivity of these analytical
instruments are today considerably enhanced when com-
bined with a laser, which emits in the deep UV between 200
nm and 300 nm. The principle limitation to widespread
commercial use of these systems is lack of commercially
suitable UV lasers, particularly associated with limitations
in emission wavelengths, duty cycle, size, power
consumption, complexity, cost and are liability of existing
lasers. A need exists in these fields for improved laser
systems, particularly in the deep UV, that overcome these
disadvantages either singly or in combination. fluorescent
labels limits the types of molecules which can be studied,
reduces CE’s ability to find unexpected analytes in complex
systems, may perturb the very cellular chemistry being
studied, and can reduce overall sensitivity. A sensitive native
CE/LIF detection method for nucleic acids and DNA restric-
tion fragments has already been demonstrated as described
in reference (1) by Milofsky and Yeung in 1993. Both the
275.4 nm line of an argon ion laser and the 248 nm line from
a waveguide KrF laser were able to excite native fluores-
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