Technical Specification: High-Precision DLIP Laser System for Multi-Beam Interference Micromachining
General Description
The system is intended for high-precision Direct Laser Interference Patterning (DLIP) using multiple beam configurations, enabling the creation of periodic surface structures with feature sizes down to 0.5 µm. It will serve as a core unit for research and prototyping of large-area functional surface texturing, combining UV and visible ns-lasers with fs-laser capability for hybrid processing. The system must be compatible with existing control software infrastructure (DMC – Direct Machining Control) and allow real-time communication over SL2-100 or XY2-100 protocols. All optical and mechanical components must support operation in a cleanroom laboratory environment.

Technical specification:
	
	The subject of the procurement
	High-Precision DLIP Laser System for Multi-Beam Interference Micromachining

	
	Following tasks to be realized with DLIP laser system
	· High-precision laser micromachining with 2 & 4 beam interference.

	
	
	· Ready for 24/7 operation

	
	
	· The system should provide 1030 nm, 532 nm and 355 nm output beam 

	
	
	· Adjustable pulse repetition rate and pulse duration to optimize for different materials and processes.

	
	
	· Compatible with Direct Machining Control system

	
	
	· Integration with existing galvanometric scanning systems and RTC control boards.

	Technical features of DLIP laser system

	Optical Characteristics
	The system must support laser-based micromachining and interference patterning across ultraviolet, green, and near-infrared spectral ranges. Integrated sources must collectively meet the following criteria:
· Wavelengths: The system must operate at 1030 nm, 355 nm and 532 nm. 
· Pulse Duration: The output beam must support pulse durations below 20 ns in case of 355 nm wavelength, below 30 ns in case of 532 nm and below 300 fs in case of 1030 nm.
· Pulse Energy and Power: Pulse energy must be adjustable and reach 300 µJ or more in UV wit at least 20W, 1.2mJ or more in green range reaching at least 60W of average power.  In cases where sub-nanosecond pulses are used, pulse energy must be at least 5 µJ with at least 7W of average power.
· Repetition Rate: Laser sources must offer adjustable repetition rates covering the range of at least 40 kHz to 150 kHz. 
· Beam Quality: All beams must meet a beam quality factor of M² < 1.2 to enable high-fidelity patterning.
· Polarization: Linearly polarized output is required to ensure compatibility with diffractive beam shaping optics.
· Cooling: Cooling systems must be appropriate to the laser class used (e.g. water-cooling for UV/green; air-cooling acceptable for other types).
The integrated configuration must enable stable and high-coherence beam delivery suitable for sub-micron interferometric processing, including diffractive beam splitting and galvo-based scanning.


	Beam Delivery & Scanning System
	The laser micromachining system must incorporate high-precision galvanometric scanning heads suitable for operation with IR (1030 nm), ultraviolet (355 nm) and green (532 nm) laser wavelengths. The scan heads must allow direct manipulation of the interference pattern across the substrate by beam scanning, eliminating the need for mechanical sample translation during patterning. To ensure compatibility with high-resolution interferometric setups, each scan head must provide an input aperture not smaller than 20 mm.

To achieve the necessary positioning accuracy, the scanning system must be equipped with an encoder system providing an angular resolution of at least 20 bits. The system must support real-time communication protocols, specifically SL2-100 or XY2-100 interfaces, and all control components—including galvo drivers and controllers—must be fully compatible with the DMC (Direct Machining Control) software suite currently used in the research facility. The positioning accuracy, stability and repeatability of the scan head must be sufficient to allow seamless stitching of periodic structures with interferometric periods below 0.5 µm.

	Interferometric Capability
	The system must support interferometric patterning using both 2-beam and 4-beam geometries, generated via suitable diffractive and refractive optics integrated with the galvanometric scan head. The optical configuration must enable formation of periodic interference patterns with a minimum achievable period below 0.7 µm; configurations achieving target periods near 0.5 µm will be considered advantageous. The system must allow dynamic translation of the interference pattern across the substrate using the beam scanning capability of the galvanometric system, while maintaining stable fringe contrast, consistent phase alignment, and high uniformity across the scan field.

	Control and Interfaces
	-  Must be compatible with analog, TTL, and RS232 or Ethernet-based controls.
-  The system should provide interfaces for external synchronization and control
-  Must be supplied with control software that allows adjustment of pulse repetition rates, pulse duration and power.

	Accessories
	- Delivery with all necessary power sources, chillers, cables, connectors and PC required for operation and manuals in English.

- The system must be delivered with an integrated fume extraction and must include a primary particulate filter for coarse ablation debris, a HEPA-class filter certified for submicron particles and an activated carbon filter for removal of volatile organic compounds (VOCs) and odors. The extraction unit must be dimensioned adequately for the installed laser powers and ablation rates and must support operation in cleanroom-compatible environments.

- The system must be supplied with a complete set of F-theta and telecentric lenses suitable for ultraviolet (355 nm) and green (532 nm) wavelengths, with apertures compatible with the delivered scan heads. For the ultraviolet range, lenses must include focal lengths approximately 100 mm, 160 mm, 254 mm, and 330 mm (all ≥ 12 mm aperture), as well as telecentric versions at 100 mm and 160 mm. For the green range, lenses must include focal lengths approximately 100 mm, 160 mm, 254 mm, and 330 mm (all ≥ 12 mm aperture), telecentric versions at 160 mm and 250 mm, and at least one larger-field lens equivalent to ~250 mm focal length with a scan field around 155 × 155 mm and aperture ≥ 20 mm. All lenses must be AR-coated for the specified wavelengths and designed for high-power operation with minimal wavefront distortion and low chromatic aberrations.




