UP.193 Solid-State
Laser Ablation System
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An all-purpose, solid-state 193nm system without compromise
The next step towards matrix-independence from one system, one wavelength, one company.
A dedicated LA-ICP-MS solution that ablates all materials equally well, from metals to quartz
Unmatched irradiance generates consistently small particles for efficient ionization & long steady signals

The short pulse length & deep UV wavelength provide excellent depth profiling to <100nm/shot

A state-of-the-art design from a leading laser company
A sub 3ns pulse length yields and ample energy yields surplus work capacity for total, clean ablations
2uum spots on up; select from 13 pre-calibrated sizes while maintaining constant energy density.
Unmatched efficiency & simplicity ensure high reliability and a low cost of ownership
Active stabilization and optically attenuated energy output deliver stable, drift-free operation

World-wide support by laser technicians and LA-ICP-MS specialists
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Specifications

The UP193 Solid-State

New Wave Research introduces a fit-for-purpose
solid-state, 193nm laser ablation system. Get all the
benefits of 193nm ablation on all matrixes and the Laser
best performance from the latest instruments without
having to resort to alternative wavelengths. The
UP193 is designed specifically for LA-ICP-MS and
delivers unequalled performance day after day.

Primary Specifications

Solid-state 193 internally homogenized, flat

Energy control Continuously variable 2-element optical

Stabilization Active crystal heating and closed loop tuning

This breakthrough technology yields more output Pulse length < 3ns

from less input, using the fewest components. The
UP193 is pumped with the same special-edition Tem-
pest laser and controlled by the same feature-rich
Universal Platform software found in our UP213, the
most popular system in the industry.

Repetition rate 1-10Hz— single, burst and continuous modes

Spot selections 13, all aperture imaged ; from 2um to 110um

Irradiance @ sample >2 GW/cm? (aperture imaged )

Fluence (energy den- >5 Jlem2 (aperture imaged )

The proprietary laser design and beam conditioning
optics were engineered to deliver flat, precision cra-
ters with optimal stability each and every time.

Color Video Microscope | 2 um feature resolution

X-Y Stages 52X52mm travel ; 0.25um resolution

The UP193 offers a full compliment of analytical tools
including auto-sampling, sample-mapping and other
unique features for in-situ and bulk analysis.

Stage configuration Open architecture with viewing shield, no enclo-

Sample chamber Quick-change drawer; 52mm ID X 52mm deep

The UP193 can be displayed on a second monitor

. . 25mm travel ; 0.25um resolution
simultaneously with the MS software from the same

Objective lens

computer. Compatible with all makes and models of Safety classification Class 1
ICP-MS instruments.
Site requirements Options

Laser Ablation System

25x18x22" | 64x46x56 cm (L,W,Height to trinocular
option eyepieces); 150 lbs/ 59 kg

Trinocular microscope

Auto-focus

100-110VAC, 3A / 220-240VAC, 2A ; 50/ 60Hz
Power Supply

19x8.6x15"/ 48x22x38 cm (L,W,H); 55 Ibs/ 25 kg
100-110VAC, 10A / 220-240VAC, 5A ; 50/ 60Hz .

Mass flow controller
Glitter data reduction software

Specialized sample chambers

Support

New Wave Research, a laser manufacturer, is the
leading supplier of laser systems for elemental and
isotope analysis.

New Wave Research provides global support and
services by laser specialists via its regional offices in
U.S., Europe, Japan, China, and Taiwan

The Universal Platform (UP) series which includes the
UP266, UP266MACRO, UP213 and UP193, is a proven
design and industry standard instrument for LA-ICP-MS.

Warranty

Call for limited warranty statement.
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Application

Within the last 10 years fundamental research investigating the effect of wavelength, fluence and pulse width on laser
material interaction and subsequent aerosol transport to an ICP Spectrometer has led to the conclusion that deep UV,
short pulse width systems offer the greatest advantages, especially for the analysis of silicates and other geological
materials. With the implementation of the 213nm solid state and 193nm excimer systems in the mid 1990s and now
with the UP-193nm Solid State system, with it's short sub 3ns pulse width, commercial laser ablation systems continue

to evolve to support the needs of the analytical community.

Background

The ability of a laser to couple effectively and transfer it's
photon energy directly to the sample matrix is critical for
accurate and precise analytical micro-sampling. Losses
due to transmission of the laser light through the sample
or conversion of the photon energy into heat, dissipated
into the sample lattice, should be kept to a minimum.

The relationship between absorbance of laser energy
into the sample matrix and improved analytical results
has been understood for some time.[1] Absorption of
laser light into a silicate matrix is enhanced as one goes
to shorter wavelengths (Fig. 1).

Geersten and colleagues [2] and Jefferies and col-
leagues [3] compared the fundamental Nd:YAG wave-
length, 1064 nm, with its fourth harmonic at 266 nm.
They found that shorter UV wavelengths displayed im-
proved ablation characteristics. In 1997 Gunther et al [4]
published a paper based on work with an optically ho-
mogenized excimer laser, operating at 193 nm. They
found that the benefits afforded by the short wavelength
were well suited to geochemical applications. These
excimer, gas lasers however are larger, more expensive,
and involve replacement of ArF gas. In 1998 Jefferies et
al [5] compared the solid state Nd:YAG fifth harmonic at
213 nm with the fourth harmonic at 266 nm and found a
further benefit using the shorter 213-nm wavelength.
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Figure 1: Light transmission through NIST 61X SRM glass
Transmission of light through a glass matrix approaches zero (high ab-
sorbance) as the wavelength of light approaches 193nm (deep UV).
NIST 610 (high standard) is a dark translucent blue. NIST 616 (low
standard) is clear and visually transparent.

Laser irradiance (fluence/pulse width), measured in
Watts/cm?, is a critical component of the laser-material
interaction.[6,7] Localized heating of the sample lattice
increases with longer pulse widths. The design of a
solid state 193nm laser with a very short pulse width
< 3ns offers the advantage of both deep UV ablation and
reduced thermal effects.
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Figure 2: Irradiance and particle size effect on U/Th ratio (213nm)
With proper irradiance the longer 213nm wavelength is very effective
in eliminating particle size induced fractionation.
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Figure 3: Irradiance and particle size effect on U/Th ratio (193nm)
A consistent U/Th ratio over a range of laser fluence benefits from the
deep UV 193nm, short pulse width (sub 3 ns) of the UP-193 Solid
State system.
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The enhanced absorbance characteristics of the 193nm
wavelength ensure good coupling of laser energy at the
surface of the sample, reducing the depth penetration
rate and mean particle size which has been identified as
contributing to elemental fractionation.

The differences in the ***U/??Th ratio has been used as
a qualitative measure of particle size.[8] This ratio is
effected by the efficiency with which an inductively cou-
pled plasma can digest and ionize the elemental compo-
nents of solid particles, then present a stoichiometrically
accurate signal to the detector of a mass spectrometer.

Irradiance

As can been seen from Fig. 2 the 213nm wavelength
can accurately determine the correct *®U/**?Th ratio if
operating at the proper irradiance. However below its
ablation threshold (low irradiance), the ratio falls off. The
solid state 193nm wavelength appears to be less ef-
fected by irradiance in these materials (Fig. 3).

Sample Matrix

Accurate U/Th ratios for UV opaque (610) and UV trans-
missive (614) samples can be acquired with little diffi-
culty at 193nm (Fig. 4). The values are steady over the
entire 60 second, 600 shot, ablation period (Fig. 5).
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Figure 4: U/Th ratio in NIST 61X series glass

The U/Th elemental ratio is nominally 1 for SRM 610 and 612 [Pierce et al
‘97]and 1.1 for 614 [Gao et al ‘02]. The ability to accurately determine ele-
mental ratios in samples with differing physical properties suggests am im-
proved matrix insensitivity
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Figure 5: Accurate U/Th ratios - NIST 61X glasses

Time trace of single spot ablation in NIST glass. As in figure 4, The UP-193
solid state laser displays consistent results even in transparent glass.
Published ratios for 28U / Z2Th in SRM: 610 (1.0), 612 (1.0), 614 (1.1).[9,10]
Dotted lines signify integration area boundary.

Conclusion

In laser ablation solid sampling there is an interplay be-
tween laser wavelength, laser irradiance and sample ma-
trix. Ultimately one wants to obtain the same level of ana-
Iytical precision and accuracy, for all elements in a solid,
regardless of sample type. The UP-193 Solid State laser
system displays enhanced ablation characteristics. Depth
penetration rate, aerosol particle size and matrix independ-
ence all appear to be enhanced. This suggests that oper-
ating at 193nm wavelength with a very short pulse width
offers a more matrix independent option when doing direct
solid sampling analysis.
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