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The Raydiance Breakthrough

Raydiance has developed an ultrafast laser source centered in the eye-safe wavelength band
near 1552 nm that employs an integrated software control system. The fundamental design
facilitates complete autonomous control of the system, fast warm-up and flexible operation
in a single box without any external, optical add-ons (Fig. 1).

Fig. 1 The Raydiance Discovery Platform is controlled autonomously with a
laptop. The laptop and the laser’s embedded system processor communicate
via standard Internet protocol.

The optical specifications of this system represent, to our knowledge, the highest energy
per pulse and average power available today for an ultrafast laser at 1552 nm. These system
characteristics are also enabling rapid process optimization for a large number of 1552 nm
ultrafast laser applications, including metabolic suppression in cancerous cells [6], remote
detection of explosives and LIDAR [7], silicon micro-welding [8], microelectronic circuit
trimming [9], third harmonic microscopy [10] and high repetition rate micro-machining [11].

RayOS® – Software-Enabled Operation

Raydiance has designed its ultrafast laser platform around a proprietary software
architecture named RayOS®. All aspects of control, monitoring, sequencing, and safety are
under software control. Unlike a traditional laser system in which computer control is a
feature that is an afterthought of the system manufacturer or is “added on” by the
customer, the Raydiance laser system was designed and built with its software control
system as an integral part of the infrastructure.
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Internet-Enabled Remote Access

Owing to its software-centric nature and internet connectivity, the Raydiance laser system
has unique capabilities for remote access and diagnostics.

Each time the laser is warmed up, and each time the output beam is turned on and off,
operational characteristics are recorded by an internal data logging system. With customer
permission, these logs can be uploaded via the network connection to a central recording
system at Raydiance. Web-based logging and analysis tools provide access to this log data
for monitoring, analysis, and fault diagnosis. It is moreover possible to use this proactively
as a preventative maintenance tool, notifying users of any unusual performance or
impending failures if certain control parameters approach their operating limits.

The internet connection also makes remote upgrade and examination possible. New
operating parameters or even entirely new software packages can be installed over the
internet, providing bug fixes, improved performance, or even entirely new features without
requiring a service technician’s site visit or shipment of the laser back to a support site.

Operation – Warm-Up and Beam Stabilization

While the user interface makes the laser system seem quite simple, internally over 75
controls and sensors are monitored, manipulated, and data-logged by the software control
system. Sensors include optical performance monitors, pump current and voltage meters,
temperature sensors, mechanical inputs, and external connections for control and safety.
This allows the system to be rapidly warmed-up and stabilized, completely under software
control.

From cold start, the software performs a series of communication and control system self-
tests, and configures the electronic systems accordingly. Even the high-speed timing circuits
are programmed initially via software download. The optical system is then powered in
stages, beginning with the mode-locked seed source and proceeding along the amplifier
chain. Any anomalies are noted and logged for future reference. A typical warm-up
sequence (from cold start to beam ready) requires fewer than five minutes.

Pulse Characteristics

Raydiance’s laser was designed using the well-known chirped pulse amplification (CPA)
technique as shown in Fig. 3. A compact mode-locked laser generates ultrashort pulses with
approximately 500 fs duration centered at 1552.5 nm with a repetition rate of 20 MHz. After
stretching to 1 ns duration, pulses are down-selected to a 300 kHz pulse repetition rate using
a fiber-based pulse picker. The signal is subsequently amplified in a chain of fiber-based
amplifiers with progressively larger, but still single mode, core sizes to avoid producing
nonlinear effects at the high optical peak powers produced during amplification.




