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1. General Description
The system shall serve as a high-precision laser micromachining station designed to integrate multiple state-of-the-art processing technologies into a single, shared working environment. It will support the installation and operation of three distinct laser processing heads: a beam-shaping module based on spatial light modulation (SLM), galvanometric scanning heads for fast 2D/3D laser structuring, and a dual-beam interference module for Direct Laser Interference Patterning (DLIP).
To accommodate this, the station must be equipped with at least three independent vertical Z-axes, each providing sufficient travel range to support both short and long F-theta lenses (nominal focal lengths 50–300 mm). Each processing module must be provided with an individual working area of at least 300 × 300 mm, without interference from the other heads or structural obstructions.
The entire assembly must offer exceptional mechanical stability, thermal robustness, and precision positioning, ensuring reliable operation for sub-micron structuring tasks. The system should be scalable and modular, allowing for future upgrades or replacement of individual components. All mechanical interfaces must be designed for easy integration with scientific-grade laser subsystems and compatible with common laboratory safety and cleanliness standards.

2. Base Frame and Portal Structure
· The system shall include a granite or granite-composite base frame with vibration damping properties suitable for high-precision micromachining.
· The portal must be designed for high mechanical rigidity and long-term stability, capable of carrying heavy optical payloads without deflection.
· The layout must allow free optical access to each working area, with no cross-interference between stations.
· The portal bars has to be equipped with M6 holes for mounting of other devices. 
· Height of the of working height: 600 mm;
3. XY Gantry System
· Modular gantry configuration with dual X-axis (real gantry) and single Y-axis.
· Travel range: Minimum 600 mm (X) × 1200 mm (Y) or greater.
· Positioning accuracy: ≤ +/- 1 µm.
· Repeatability: ≤ +/- 0.5 µm.
· Speed: Capable of supporting sample translation at least 1000 mm/s.  
· Encoder type: Linear encoders with sub-micron resolution.
· Cabling and drag chains must be included and designed for long-term reliability.
· Load capacity: At least 20 kg.
· System has to be protected from solid particles and spray made of high density polypropelene sealing.

4. Z-Axes for Processing Heads
· At least three Z-axes with independent vertical motion.
· Speed: Capable of supporting scan head translation at up to 150 mm/s.
· Travel range: Minimum 450 mm per Z-axis.
· Accuracy: ≤ ± 1 µm; Repeatability: ≤ ± 0.5 µm.
· Motorization: Servo or direct-drive with linear encoder feedback.
· Load capacity: Sufficient to carry full processing modules (scanner head, optics, and cabling). Must support at least 40 kg load.
5. Gimbal stage
In addition to vertical Z-motion, the system must support optional rotary positioning for 5-axis micromachining tasks. A high-precision gimbal stage shall be included with the following minimum requirements:
· Degrees of Freedom: 2. Tilt(A-axis) and yaw (B-axis) rotation
· Travel Range: At least ±120° in both axes
· Maximum Speed: ≥ 9000 deg/s
· Positioning Accuracy: ≤ ±10 μrad
· Repeatability: ≤ ±8 μrad
· Load Capacity: ≥ 1 kg
· Accessories: System has to be equipped with pneumatic collet holder and compatible with ER20 size collets.
· Mounting interface: Gimbal stage has to be compatible with XXY stage to be assembled together. 
· Control Interface: Fully integrated into the motion control system, allowing synchronized operation with linear stages and external triggers.

6. Breadboard/Working Area
· The structure must include a rigid optical breadboard or honeycomb plate mounted on top of the portal to mount auxiliary optics and sensors. 
· Size: Minimum 600 × 2000 mm of usable area.
· Mounting grid: Metric (M6 or M4) with 25 mm spacing.
7. Environmental and Safety Requirements
· Surfaces must be easy to clean and chemically resistant.
· The station must be compatible with standard laser safety enclosures.
8. Software and Control Interface
· The system must support synchronization of stage motion with external triggers (e.g., laser, scanner).
· Compatibility with real-time motion control environments (e.g., EtherCAT-based systems).
· Must allow integration with laser control software and user-defined process sequences.
· Must be compatible with current control software from Direct machining control
· The delivered system must be compatible with synchronized scanning and motion control technologies, such as XL Scan or equivalent, enabling virtually unlimited working area. All necessary hardware and software modules required on the side of the motion system to support such technology must be included in the delivery.
9. Utility and Integration Requirements
· Electrical interfaces for all axes and optional subsystems must be provided.
· Mounting interfaces must allow flexible installation of scanners, optical modules, cameras, and sensors.
· Mechanical provisions for cable routing and cooling lines must be included.
10. Documentation and Support
· System must be delivered with comprehensive documentation: user manuals, mechanical drawings, and wiring diagrams.
· Basic calibration and functional verification must be included at delivery.
· The supplier must provide support during installation and offer remote/online technical assistance. The supplier must provide remote or in person installation support for all delivered equipment, including system calibration and full software configuration. At minimum, remote commissioning must include real-time assistance during initial system startup, integration of motion and control software, and functional verification of all delivered axes and modules. The supplier must also provide remote commissioning and functional testing of advanced beam control systems, such as XL Scan or equivalent synchronized multi-axis control solutions, ensuring that laser scanner heads and linear stages operate seamlessly over extended working areas.

