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Silicon Valley-based analytical labs and platform delivering quality data 
and expert analysis for advanced materials and device innovation

Comprehensive 
Solutions Stack

50+ cutting-edge 
instruments, offering
100+ Techniques

Analytical Services

Advanced Modeling

Method Development

Temp. Staffing Solutions

Affordable
and Fast

Fast Turnaround Times, 
No Expedite Fees

Volume Savings

Instant Access to Data 
and Reports in Secure 
Portal

Flexible
Business Model

Custom Consulting 
Solutions and Certified 
Onsite Support

Training and Certification 
on Instrumentation

Co-op and Tool-Share 
Opportunities

Laboratory Audits

Who We Are, 
Who We Serve

500+ Clients,
40-60 Added / Quarter

50+ People, 14 PhDs

Cutting-edge Analytical 
Capabilities

Lab Location: 
Sunnyvale, CA

Partner to World’s 
Leading Instrument 
Manufacturers and Labs

Expanding 
Instrumentation, Lab 
Connections and 
Learning 

Rich Network
of Partnerships
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Covalent Technical Groups and Organization

• DPA / Mechanical Cross-section

• Dye & Pry Test

• EBIC / OBIC failure analysis

• Hot Spot Detection

• IR Imaging / Emission Microscopy

• NIR Imaging

• Root-Cause Failure Analysis

PCBA, Semiconductor, and
Electronic Device

Metrology & Failure Analysis

• AFM & Advanced AFM Modes (EFM, 
KPFM, MFM, PFM)

• Scanning Acoustic Microscopy (SAM)
• SEM (+ EDS)
• FIB-SEM ( + EDS)
• S/TEM ( + EDS / + EELS )
• Nano-indent / Nano-scratch

Electron Microscopy and 
Scanning Probe Microscopy

• Chromatic Aberration
• Digital Optical Microscopy
• FTIR and ATR-FTIR
• Laser Scanning Confocal Microscopy
• Spectral Ellipsometry
• UV-Vis-NIR Spectroscopy
• White Light Interferometry

Optical Microscopy &
Spectroscopy

• X-Ray Diffraction (XRD)
• X-Ray Reflectometry (XRR)
• Micron-spot ED-XRF
• WDXRF
• Micro-computed X-ray Tomography 

(Micro-CT)
• 2D X-ray Inspection &

X-ray Radiography

X-Ray Characterization

• Dynamic Light Scattering (DLS)

• Laser Diffraction Particle Size 
Analysis (PSA)

• Particle Zeta Potential

Particle Analysis

• EPMA

• GD-OES

• GC-MS

• ICP-MS and LA-ICP-MS

• Raman Microscopy & Spectroscopy

• NMR (1D or 2D; solid / liquid)

Elemental / Chemical 
Composition Analysis

• Dynamic-SIMS
• ToF-SIMS (Static-SIMS)
• Ion Scattering Spectroscopy (ISS)
• Ultraviolet Photoelectron 

Spectroscopy (UPS)
• X-ray Photoelectron Spectroscopy 

(XPS)

Surface Spectroscopy Analysis

• DSC

• DMA & TMA

• Rheometry

• TGA
• Surface Zeta 

Potential

• Porometry / 
Porosity

• Gas Adsorption

• Gas Pycnometry

• Foam Density

• Tap Density

Material Property 
Characterization



Covalent Partners
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• Teledyne CETAC is a global leader in the development of advanced 
sample-introduction and sample-handling equipment for elemental 
analysis

• Partnership with Covalent announced in Fall, 2021 to:

• Jointly investigate and develop new applications for Teledyne’s 
element analysis tools

• Bring cutting-edge analytical chemistry solutions to Covalent 
clients

• First Teledyne instrument installed at Covalent is the
Iridia Laser Ablation System

Other Covalent Partners



Lucas Smith
Director for Business Development for the Americas,
Teledyne CETAC

• Degrees in Microbiology and Biochemistry from The University of 
Michigan (Go Blue!)

• Manages laser opportunities and customer relationships throughout 
the Western Hemisphere

• Member of the Teledyne team for just over 7 years

• Prior to joining Teledyne Lucas held a variety of roles at

• Pfizer Pharmaceuticals 

• LECO Corporation

• Performed mobile analytics for the US Navy & Airforce
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Introducing



Content
• What is laser ablation ICP-MS?

• Why laser ablation (advantages vs 
disadvantages) 

• Laser ablation vs other analytical 
techniques

• Spatial Analysis

• Volumetric Ablation 

• Application examples

• Q&A



What is Laser Ablation?

• A laser ablates a solid sample and 
delivers material directly to the ICPMS 
for elemental analysis

• Eliminates dissolution step and most 
sample prep

• Maintain spatial resolution



Why Laser Ablation?
• Rapid, sensitive multi-element detection at sub-

ppm levels. 

• Eliminates (most) labor-intensive sample 
preparation

• Can sample virtually any material (including liquids)

• Flexible method development

• High spatial resolution of microfeatures

• Sample mapping and depth profiling capabilities 

• No contamination of reagents from 
digestion/dilutions steps



Challenges of the Technique

• Historically difficult acquiring standards

• Upper limit in sensitivity due to detector 
saturation

• (micro)Destructive technique

• Initial cost



Laser Ablation 
vs 

Other 
Techniques

Sample Analysis
Method

Sample
Type

Analytical
Requirements

SEM/Microprobe
techniques

GDMS and OES

XRF

Spark Emission

Laser Ablation
Bulk

Spatial

D
epth

C
onducting

N
on-conducting

Size/shape

Full coverage

D
etection lim

its

Turnaround



References: Hu et al, J. Anal. At. Spectrom., 2008, 23 & Eggins et al, Applied Surface Science 127-129 (1998) 

What is Laser Ablation ICP-MS?



Courtesy of Dr. Maurizio Petrelli, University of Perugia

Volume

Spatial analysis



Courtesy of Dr. Maurizio Petrelli, University of Perugia

• 0D – Single Spot - this is (still..!) the typical LA-
ICP-MS analysis

• Suitable for bulk analysis, depth profiling, 
isotope ratio, etc.

Spatial analysis



• 1D – Transect

• Useful for the study of diffusion profiles, 
bulk analysis of homogeneous samples
(e.g., Particles trapped on filters, etc.)

Spatial analysis

Ogrizek, M., Jaćimović, R., Šala, M., & 
Kroflič, A. (2021). No more waste at the 
elemental analysis of airborne particulate 
matter on quartz fibre filters. Talanta, 226. 






• 2D – the spatial distribution of elements 
(isotopes) in samples

Metamorphic garnet from the Eastern Carpathians (Romania)
Courtesy of Dr. Gavril Sabau, Geological Institute of Romania

Spatial analysis



• 3D – the spatial distribution of elements 
(isotopes) in 3D Zircon from the Ditrau alkaline massif (Eastern Carpathians, Romania).

Courtesy of Dr. Gavril Sabau, Geological Institute of Romania

Spatial analysis






Data Collected at 375Hz

• Agilent 8900 ICP-MS

• Cobalt Long Pulse cell

• Parameters optimized and images 
generated with Teledyne HDIP 
software

• 5 elements measured

• C13, Fe57, Cu63, Zn66, Pb208


50 minutes

10 µm resolution
375 Hz

Mouse eye 

• 3.0mm diameter

• Unpublished data



Transects extracted with Teledyne HDIP software

Horizontal & Vertical Data Transects



FC-1 zircon

3 Jcm-2 (measured at the 
sample surface)

10 Hz

20 µm spot

1, 5, 10, 20, 50, 100 and 
157 pulses

Volumetric Ablation – for Depth Profiling and Thin Film Analysis



FC-1 zircon

3 Jcm-2

10 Hz

20 µm spot

1 pulse
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experimental

linear

Shots Depth Volume Expected

1 0.04 13.26 13.26

5 0.25 91.56 66.28

10 0.5 171.0 132.6

20 1 349.0 265.1

50 2.7 708.5 662.8

100 5.55 1070 1326

157 8.1 1954 2081

Volumetric Ablation – for Depth Profiling and Thin Film Analysis



Ion signal evolution for 5 individual 
laser pulses
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27Al+ - External layer
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146Nd+ - Internal layer

Sample: 6 nm Nd internal layer

Al/Nd/Si

10 nm
6 nm
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29Si+ - Substrate

High energy laser pulses can remove thin layers within a few laser pulses

Pisonero et al, Winter Plasma Conference 2013

Thin Film Analysis



Line-by-line ablation Ion intensity imageTransient ion traces

Köppen et al, University of Muenster

Elemental Imaging – Basics of Map/Image Generation



Courtesy of Dr. Gavril Sabau, Geological Institute of Romania

Elemental Imaging



50 µm 50 µm

50 µm50 µm

• Red blood cells of a patient 
after cisplatin chemotherapy 
(Courtesy of Dr. Sarah Theiner, 
University of Vienna)

• 2 µm resolution
• 100 Hz
• Dosage: 4
• Imaging Time: 20 min

Elemental Imaging

http://www.google.at/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiZiYecscfVAhVH0hoKHbXaCS0QjRwIBw&url=http://www.metallomics2017.at/&psig=AFQjCNFhLU74X21n_QrmyW1B7I8c4zxwUw&ust=1502272934799992


66Zn+ E14-17 

• Mouse Embryo (unpublished 
data)

• 5 µm thickness, deparaffinized 
prior to analysis

• 8 hours analysis time for 18 
samples

• 19um Spot
• Dosage: 1
• Energy Density: 0.93 J cm2

• Scan Speed: 2 mm/s
• Rep Rate: 100Hz

Elemental Imaging



50 µm

• Barley root section

• 1 µm resolution,
• 300 Hz
• 1 pulse/pixel
• Total Imaging Time: 3.2 min

Elemental Imaging



Three-Dimensional Reconstruction of the Tissue-Specific Multi-elemental Distribution within Ceriodaphnia dubia via 
Multimodal Registration Using Laser Ablation ICP-Mass Spectrometry and X-ray Spectroscopic Techniques. Stijn J. M. 
Van Malderen et Al, DOI: 10.1021/acs.analchem.7b00111

HDIP Software – Powerful Simplicity (3D Imaging)



• Wheat grain (unpublished 
data)

• Mounted in epoxy resin and 
polished to give a flat surface

• Interested in zinc uptake

- Concentration & location

Data Collected at 400Hz



• 2 elements measured: Carbon and Zinc
• 15 µm circular spot; 400 Hz
• Cobalt Long Pulse cell
• Agilent 8900 ICP-MS
• Parameters optimized and images generated with Teledyne HDIP software


50 minutes

Carbon13 Zinc66

Data Collected at 400Hz



• Buckwheat section (unpublished data). 
Courtesy of Dr. Martin Sala, National 
Institute of Chemistry Slovenia

• 10 µm resolution
• 300 Hz
• 4 pulse/pixel

Elemental Imaging



[7Li]+ [89Y]+ [139La]+ [238U]+ [7Li]+ [89Y]+ [139La]+ [238U]+ [7Li]+ [89Y]+ [139La]+ [238U]+
Replicate 1 mean [cts] 2.62E+03 7.03E+03 8.89E+03 8.66E+03 8.81E+03 2.65E+04 3.20E+04 2.75E+04 8.81E+03 2.71E+04 3.25E+04 2.90E+04
Replicate 2 mean [cts] 2.66E+03 7.00E+03 8.74E+03 8.43E+03 8.97E+03 2.65E+04 3.22E+04 2.88E+04 8.84E+03 2.68E+04 3.22E+04 2.88E+04
Replicate 3 mean [cts] 2.71E+03 6.95E+03 8.68E+03 8.70E+03 8.98E+03 2.65E+04 3.24E+04 2.85E+04 9.09E+03 2.67E+04 3.24E+04 2.86E+04
Replicate 4 mean [cts] 2.74E+03 7.02E+03 8.69E+03 8.53E+03 9.13E+03 2.67E+04 3.22E+04 2.92E+04 9.03E+03 2.69E+04 3.25E+04 2.88E+04
Replicate 5 mean [cts] 2.73E+03 6.95E+03 8.85E+03 8.53E+03 9.16E+03 2.67E+04 3.26E+04 2.88E+04 9.06E+03 2.66E+04 3.22E+04 2.87E+04
Replicate 6 mean [cts] 2.81E+03 6.93E+03 8.62E+03 8.56E+03 9.09E+03 2.65E+04 3.24E+04 2.91E+04 9.06E+03 2.68E+04 3.24E+04 2.85E+04
Replicate 7 mean [cts] 2.72E+03 7.00E+03 8.81E+03 8.54E+03 9.15E+03 2.67E+04 3.25E+04 2.85E+04 8.90E+03 2.68E+04 3.25E+04 2.87E+04
Replicate 8 mean [cts] 2.68E+03 6.99E+03 8.78E+03 8.56E+03 8.96E+03 2.66E+04 3.22E+04 2.81E+04 8.95E+03 2.68E+04 3.23E+04 2.87E+04
Replicate 9 mean [cts] 2.65E+03 6.94E+03 8.75E+03 8.48E+03 8.98E+03 2.65E+04 3.22E+04 2.86E+04 8.92E+03 2.68E+04 3.25E+04 2.89E+04
Replicate 10 mean [cts] 2.65E+03 7.10E+03 8.77E+03 8.65E+03 8.92E+03 2.66E+04 3.22E+04 2.83E+04 8.95E+03 2.71E+04 3.26E+04 2.90E+04
Mean signal [cts] 2.70E+03 6.99E+03 8.76E+03 8.56E+03 9.02E+03 2.66E+04 3.23E+04 2.85E+04 8.96E+03 2.68E+04 3.24E+04 2.88E+04
Median signal [cts] 2.58E+03 6.83E+03 8.49E+03 8.21E+03 8.98E+03 2.65E+04 3.22E+04 2.85E+04 8.93E+03 2.68E+04 3.23E+04 2.86E+04
Measurement uncertainty mean (1SD) [cts] 1.65E+01 1.59E+01 2.42E+01 2.54E+01 3.41E+01 2.61E+01 5.31E+01 1.46E+02 2.89E+01 5.24E+01 3.85E+01 5.18E+01
Measurement uncertainty replicates (1SD) [cts] 5.22E+01 5.01E+01 7.64E+01 8.02E+01 1.08E+02 8.26E+01 1.68E+02 4.62E+02 9.12E+01 1.66E+02 1.22E+02 1.64E+02
Absolute total combined uncertainty on the mean (1SD) [cts] 1.66E+01 1.59E+01 2.42E+01 2.54E+01 3.42E+01 2.61E+01 5.31E+01 1.46E+02 2.89E+01 5.24E+01 3.85E+01 5.18E+01
Relative total combined uncertainty on the mean (1SD) [%] 0.62% 0.23% 0.28% 0.30% 0.38% 0.10% 0.16% 0.51% 0.32% 0.20% 0.12% 0.18%

• 0.01 s dwell time; 15 µm spot size; 3.5 Jcm-2

• 10 lines of 30s each @ different lasing parameters:
• Test 1(light green) – 10 Hz, total gas flow of 0.65 LPM (0.35 LPM in MFC1 and 0.3 LPM in MFC2)
• Test 2 (light blue) – 50 Hz, total flow of 0.75 LPM (0.45 LPM in MFC1 and 0.3 LPM in MFC2) 
• Test 3 (light orange) – 50 Hz, total flow of 1.05 LPM (0.525 LPM in MFC1 and 0.525 LPM in MFC2)

Bulk Analysis
Test 1

(10 Hz; Total Flow: 0.65 LPM)
Test 2

(50 Hz; Total Flow: 0.75 LPM)
Test 3

(50 Hz; Total Flow: 1.05 LPM)


test 1

				[7Li]+		[89Y]+		[139La]+		[238U]+		[7Li]+		[89Y]+		[139La]+		[238U]+		[7Li]+		[89Y]+		[139La]+		[238U]+

		Replicate 1 mean [cts]		2.62E+03		7.03E+03		8.89E+03		8.66E+03		8.81E+03		2.65E+04		3.20E+04		2.75E+04		8.81E+03		2.71E+04		3.25E+04		2.90E+04

		Replicate 2 mean [cts]		2.66E+03		7.00E+03		8.74E+03		8.43E+03		8.97E+03		2.65E+04		3.22E+04		2.88E+04		8.84E+03		2.68E+04		3.22E+04		2.88E+04

		Replicate 3 mean [cts]		2.71E+03		6.95E+03		8.68E+03		8.70E+03		8.98E+03		2.65E+04		3.24E+04		2.85E+04		9.09E+03		2.67E+04		3.24E+04		2.86E+04

		Replicate 4 mean [cts]		2.74E+03		7.02E+03		8.69E+03		8.53E+03		9.13E+03		2.67E+04		3.22E+04		2.92E+04		9.03E+03		2.69E+04		3.25E+04		2.88E+04

		Replicate 5 mean [cts]		2.73E+03		6.95E+03		8.85E+03		8.53E+03		9.16E+03		2.67E+04		3.26E+04		2.88E+04		9.06E+03		2.66E+04		3.22E+04		2.87E+04

		Replicate 6 mean [cts]		2.81E+03		6.93E+03		8.62E+03		8.56E+03		9.09E+03		2.65E+04		3.24E+04		2.91E+04		9.06E+03		2.68E+04		3.24E+04		2.85E+04

		Replicate 7 mean [cts]		2.72E+03		7.00E+03		8.81E+03		8.54E+03		9.15E+03		2.67E+04		3.25E+04		2.85E+04		8.90E+03		2.68E+04		3.25E+04		2.87E+04

		Replicate 8 mean [cts]		2.68E+03		6.99E+03		8.78E+03		8.56E+03		8.96E+03		2.66E+04		3.22E+04		2.81E+04		8.95E+03		2.68E+04		3.23E+04		2.87E+04

		Replicate 9 mean [cts]		2.65E+03		6.94E+03		8.75E+03		8.48E+03		8.98E+03		2.65E+04		3.22E+04		2.86E+04		8.92E+03		2.68E+04		3.25E+04		2.89E+04

		Replicate 10 mean [cts]		2.65E+03		7.10E+03		8.77E+03		8.65E+03		8.92E+03		2.66E+04		3.22E+04		2.83E+04		8.95E+03		2.71E+04		3.26E+04		2.90E+04

		Mean signal [cts]		2.70E+03		6.99E+03		8.76E+03		8.56E+03		9.02E+03		2.66E+04		3.23E+04		2.85E+04		8.96E+03		2.68E+04		3.24E+04		2.88E+04

		Median signal [cts]		2.58E+03		6.83E+03		8.49E+03		8.21E+03		8.98E+03		2.65E+04		3.22E+04		2.85E+04		8.93E+03		2.68E+04		3.23E+04		2.86E+04

		Measurement uncertainty mean (1SD) [cts]		1.65E+01		1.59E+01		2.42E+01		2.54E+01		3.41E+01		2.61E+01		5.31E+01		1.46E+02		2.89E+01		5.24E+01		3.85E+01		5.18E+01

		Measurement uncertainty replicates (1SD) [cts]		5.22E+01		5.01E+01		7.64E+01		8.02E+01		1.08E+02		8.26E+01		1.68E+02		4.62E+02		9.12E+01		1.66E+02		1.22E+02		1.64E+02

		Absolute total combined uncertainty on the mean (1SD) [cts]		1.66E+01		1.59E+01		2.42E+01		2.54E+01		3.42E+01		2.61E+01		5.31E+01		1.46E+02		2.89E+01		5.24E+01		3.85E+01		5.18E+01

		Relative total combined uncertainty on the mean (1SD) [%]		0.62%		0.23%		0.28%		0.30%		0.38%		0.10%		0.16%		0.51%		0.32%		0.20%		0.12%		0.18%









test 2

				[7Li]+		[89Y]+		[139La]+		[238U]+

		Replicate 1 mean [cts]		8.81E+03		2.65E+04		3.20E+04		2.75E+04

		Replicate 2 mean [cts]		8.97E+03		2.65E+04		3.22E+04		2.88E+04

		Replicate 3 mean [cts]		8.98E+03		2.65E+04		3.24E+04		2.85E+04

		Replicate 4 mean [cts]		9.13E+03		2.67E+04		3.22E+04		2.92E+04

		Replicate 5 mean [cts]		9.16E+03		2.67E+04		3.26E+04		2.88E+04

		Replicate 6 mean [cts]		9.09E+03		2.65E+04		3.24E+04		2.91E+04

		Replicate 7 mean [cts]		9.15E+03		2.67E+04		3.25E+04		2.85E+04

		Replicate 8 mean [cts]		8.96E+03		2.66E+04		3.22E+04		2.81E+04

		Replicate 9 mean [cts]		8.98E+03		2.65E+04		3.22E+04		2.86E+04

		Replicate 10 mean [cts]		8.92E+03		2.66E+04		3.22E+04		2.83E+04

		Mean signal [cts]		9.02E+03		2.66E+04		3.23E+04		2.85E+04

		Median signal [cts]		8.98E+03		2.65E+04		3.22E+04		2.85E+04

		Measurement uncertainty mean (1SD) [cts]		3.41E+01		2.61E+01		5.31E+01		1.46E+02

		Measurement uncertainty replicates (1SD) [cts]		1.08E+02		8.26E+01		1.68E+02		4.62E+02

		Absolute total combined uncertainty on the mean (1SD) [cts]		3.42E+01		2.61E+01		5.31E+01		1.46E+02

		Relative total combined uncertainty on the mean (1SD) [%]		0.38%		0.10%		0.16%		0.51%





test 3

				[7Li]+		[89Y]+		[139La]+		[238U]+

		Replicate 1 mean [cts]		8.81E+03		2.71E+04		3.25E+04		2.90E+04

		Replicate 2 mean [cts]		8.84E+03		2.68E+04		3.22E+04		2.88E+04

		Replicate 3 mean [cts]		9.09E+03		2.67E+04		3.24E+04		2.86E+04

		Replicate 4 mean [cts]		9.03E+03		2.69E+04		3.25E+04		2.88E+04

		Replicate 5 mean [cts]		9.06E+03		2.66E+04		3.22E+04		2.87E+04

		Replicate 6 mean [cts]		9.06E+03		2.68E+04		3.24E+04		2.85E+04

		Replicate 7 mean [cts]		8.90E+03		2.68E+04		3.25E+04		2.87E+04

		Replicate 8 mean [cts]		8.95E+03		2.68E+04		3.23E+04		2.87E+04

		Replicate 9 mean [cts]		8.92E+03		2.68E+04		3.25E+04		2.89E+04

		Replicate 10 mean [cts]		8.95E+03		2.71E+04		3.26E+04		2.90E+04

		Mean signal [cts]		8.96E+03		2.68E+04		3.24E+04		2.88E+04

		Median signal [cts]		8.93E+03		2.68E+04		3.23E+04		2.86E+04

		Measurement uncertainty mean (1SD) [cts]		2.89E+01		5.24E+01		3.85E+01		5.18E+01

		Measurement uncertainty replicates (1SD) [cts]		9.12E+01		1.66E+02		1.22E+02		1.64E+02

		Absolute total combined uncertainty on the mean (1SD) [cts]		2.89E+01		5.24E+01		3.85E+01		5.18E+01

		Relative total combined uncertainty on the mean (1SD) [%]		0.32%		0.20%		0.12%		0.18%







Summary
• Laser ablation provides outstanding 

sample flexibility

• Capable of single spot or bulk 
analysis

• Capable of generating sample maps 
in either 2D or 3D

• Technique developed need for 
automated data interrogation 
software

• An excellent addition to your 
“analytical toolbelt”



Coming Up…
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Survey and Sign-Up for Calendly Appointments
37

Talk with a Covalent Expert!
Schedule your Appointment Now with Calendly

- link is in the chat -

Want to learn more about Covalent’s

Laser Ablation ICP-MS Services?



Covalent Community 



Covalent Community



Q & A
Session



Thank you
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