
brittle crystal structure make them more sensitive  

to localized thermal and mechanical stress during  

laser processing. 

All this creates a much narrower marking process window. 

On one end is insufficient marking and the other is material 

damage such as microcracks or excessive heat-affected 

zones. Meeting the challenge of WBG material marking 

becomes even more critical as device architecture shrinks 

and marking space becomes increasingly limited. To 

evaluate effective marking strategies for wide-bandgap 

materials, MKS conducted a series of tests using a 

compact UV laser (the Spectra-Physics® Explorer One HP 

HE 355-200) in our own dedicated, industrial applications 

laboratory.

Semiconductor Fab Marking Requirements

Wafer marking systems in semiconductor production 

must generate permanent identifiers that remain readable 

throughout multiple process stages. These markings are 

used for tracking, inspection, and process verification. 

They are commonly applied as alphanumeric strings  

or compact matrix codes directly on the wafer surface. 

Dot size, spacing, and uniformity directly affect the final 

character quality. 

APPLICATION NOTE 76

HIGH‑PRECISION SiC AND GaN MARKING WITH THE  
EXPLORER® ONE™ COMPACT UV NANOSECOND LASER

Wide-bandgap materials like SiC and GaN offer 

advantages for power electronics applications, but 

laser marking them is more challenging. 

Several growing markets – including electric vehicles, 

renewable energy systems, industrial automation, and 

large-scale data centers – are driving the demand for 

more efficient power electronics. In each case, these 

applications require higher power density, faster 

switching speeds, lower energy losses, and reduced 

cooling requirements than conventional silicon-based 

devices can efficiently provide. As operating voltages 

and switching frequencies continue to increase, the 

performance limits of traditional silicon become ever 

more apparent.

Wide-bandgap (WBG) semiconductor materials, such  

as silicon carbide (SiC) and gallium nitride (GaN), have 

emerged to meet these needs. Compared with silicon, 

they support devices that operate at significantly higher 

voltages, temperatures, and switching frequencies. This 

enables more compact and energy-efficient electronic 

systems with improved thermal performance and reduced 

power loss. This is fueling their adoption across a wide 

range of advanced power electronic applications.

However, the same material properties that make  

wide-bandgap semiconductors so advantageous  

also introduce new manufacturing challenges. This  

is particularly the case for laser marking. 

Compared with silicon, WBG materials exhibit lower 

absorption at many industrial laser wavelengths and 

require higher local energy densities to initiate ablation. 

Additionally, their extreme mechanical hardness and 

Figure 1. Wide-bandgap (WBG) semiconductor materials, such as silicon carbide 
(SiC), have become increasingly important in power electronics. 
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at 355 nm with pulse energies up to 200 µJ, the laser 

also provides the high peak intensities needed for 

controlled UV ablation while maintaining short pulse 

durations and stable pulse-to-pulse energy delivery. 

The system also incorporates active pulse-energy 

stabilization to support precise process control during 

micromachining operations.

The purpose of the investigation was to determine 

whether this type of compact UV laser could reliably 

generate high-contrast SiC markings while maintaining 

acceptable control of dot geometry, marking depth, and 

thermal impact. Particular attention was placed on 

process repeatability, single-pulse marking performance, 

and the ability to scale marking depth without introducing 

excessive surface damage.

Experimental Setup and Results

Initial testing focused on determining the UV ablation 

threshold for SiC. Establishing this value is important 

because it defines the minimum laser fluence required 

to reliably remove material with a single pulse while 

maintaining process stability. 

The laser was configured to generate an 18×9 dot matrix 

pattern with a target dot diameter of approximately  

44 µm. These values are representative of common 

semiconductor marking dimensions.

Laser marking, utilizing diode-pumped solid-state (DPSS) 

lasers operating at green or ultraviolet wavelengths, is 

widely employed for these purposes. These laser sources 

provide the necessary combination of spot size, pulse 

stability, and limited thermal interaction. 

However, different process stages impose different 

marking requirements. So-called “deep marks” must 

survive grinding, coating, or other post-processing 

operations. With traditional silicon materials, a deep  

mark usually comprises dots diameters of 25–110 µm 

which penetrate from 50–150 µm into the material.

In other cases, particularly on polished wafers, “soft marks” 

are used to minimize surface disruption and contamination 

risk while still maintaining optical contrast and machine 

readability. Typically, these have dot diameters of about 

30—70 µm but are only 0.3–5 µm deep. 

The Challenge of WBG Materials

Meeting these requirements becomes substantially more 

difficult with SiC and GaN. The usable process window  

is narrower, and small changes in fluence or pulse 

overlap can strongly affect mark quality. The laser 

process must produce consistent dot geometry while 

avoiding edge fracture, excessive recast material, or 

localized damage around the feature. At the same time, 

shrinking device dimensions continue to reduce the 

available area for traceability markings.

To investigate these process constraints, MKS evaluated 

UV nanosecond laser marking on SiC wafers using a 

Spectra-Physics Explorer One HP HE 355-200 laser 

platform. UV DPSS lasers are ideal because they provide 

high spatial precision with limited thermal interaction. 

The Explorer One HP HE 355-200 was selected, in 

particular, because its combination of small size, low 

power consumption, and minimal heat dissipation make 

it ideally suited for integration within the sensitive 

environment of semiconductor manufacturing. Operating 
Figure 2. A minimum fluence of more than 5.75 J/cm² is needed to remove 
material from the SiC wafer.
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To determine the ablation threshold, incident pulse energy 

was varied from 15 to 55 µJ. The resulting ablated spot 

diameters were then measured and analyzed using 

regression techniques. 

This process established a threshold fluence for UV 

ablation on SiC of approximately 5.75 J/cm². This value 

provided the basis for subsequent marking experiments 

and process optimization.

To further evaluate feature uniformity, the marks were 

analyzed using white-light interferometry. Both the 2D 

surface profiles and 3D topographic measurements 

confirmed smooth and homogeneous dot morphology. 

The measurements also revealed good pulse-to-pulse 

repeatability. This is important for maintaining consistent 

machine readability during high-volume manufacturing.

Since the Explorer One clearly demonstrated the ability 

to produce soft marks using just a single laser shot per 

dot, the next phase in the investigation examined its 

capabilities for deep marking. Specifically, a series of 

tests were performed using two shots for each dot. 

The use of two shots increased the marking depth to 

approximately 0.9 µm while still maintaining smooth and 

symmetric feature geometry. This indicates that marking 

depth can be adjusted over a useful range without 

introducing excessive thermal damage or degrading 

feature quality.

This scalability in depth control makes the laser marking 

process highly versatile. It supports soft marks on SiC 

wafers with minimal thermal impact while also providing 

sufficient process flexibility for deeper traceability marks 

when required.

Conclusion

Wide-bandgap semiconductor materials such as SiC  

and GaN place substantially tighter demands on laser 

marking processes than conventional silicon. Their lower 

optical absorption, increased hardness, and brittleness 

significantly narrow the usable process window for 

precision wafer marking. 

The results presented here demonstrate that compact 

UV DPSS laser technology can successfully meet these 

Figure 3. A soft mark shows clearly structured dots and can be easily read under  
a microscope.

Figure 4. 3D model of a single shot marking dot created from white-light 
interferometry data.

Figure 5. 3D profile plot of a hole created using two laser shots – measured using 
white-light interferometry – creates a deeper that is still symmetric.
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requirements. Using the Spectra-Physics Explorer One 

HP HE 355-200, high-contrast SiC markings were 

generated with good geometric uniformity, minimal 

thermal impact, and strong pulse-to-pulse repeatability. 

The testing also showed that marking depth can be 

scaled in a controlled manner while maintaining feature 

quality. These capabilities make this type of compact  

UV nanosecond laser well suited for next-generation 

semiconductor manufacturing environments.

PRODUCT

Explorer One
The Explorer One laser series is the most compact active q-switched 
laser series in the power range up to 6 W UV and 5 W of 532 nm. High 
performance standards such as the extraordinary mode quality with 
an M2 of typical 1.1, the short pulses and high peak power as well as 
capability on fast power modulation and quick rise times guarantee 
best process quality in our customer applications. High quality 

standards including tight system-to-system specifications, longevity, 
and the rugged and durable design ensures lowest cost of ownership. 
Software features and the compact size result in fast and cost-efficient 
integration and ensure our customers a fast time to market with their 
own products.

Explorer One HP
HE 355-200

Explorer One HP
355-4

Explorer One HP
355-6

Explorer One HE 
355-100

Explorer One HE 
532-200

Explorer One XP
532-5

Wavelength 355 nm 355 nm 355 nm 355 nm 532 nm 532 nm

Power >4 W @ 20 kHz >4 W @ 80 kHz >6 W @ 100 kHz 800 mW @ 10 kHz 1.8 W @ 10 kHz 5 W @ 80 kHz

Pulse Energy >200 µJ @ 20 kHz >50 µJ @ 80 kHz >60 µJ @ 100 kHz 80 µJ @ 10 kHz 180 µJ @ 10 kHz 63 µJ @ 80 kHz

Repetition Rate
Single shot  
to 200 kHz

Single shot  
to 500 kHz

Single shot  
to 500 kHz

Single shot  
to 60 kHz

Single shot  
to 60 kHz

Single shot  
to 500 kHz

Figure 5. The MKS Spectra-Physics Explorer series are compact, versatile  
DPSS lasers.


