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ABSTRACT 

Laser generated blue light can be exploited in many fields (welding of metals, entertainment, biomedical…). 
Several of these applications require an autonomous and compact laser source, with emitted power in the order 
of tens of watts, keeping low cost-per-watt and enabling high-volume production.  
Present paper reports a new blue laser multi-emitter source, relying on proprietary low-SWaP (Size Weight and 
Power consumption) architecture, and integrating on the same package the electronics to control, monitor, 
perform automatic measurements and satisfying safety requirements. The dedicated electronics is designed to 
drive the high voltage required by the GaN semiconductor diodes connected in series. 
This integrated electronic multi-emitter demonstrated emitted power of 100 W on 105 µm core fiber, together 
with a Numerical Aperture (N.A.) of 0.16. 
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1. INTRODUCTION 
High power blue laser diode compact sources have been reported as extremely attractive for material processing, 
especially of high reflective materials like copper and gold [1], and, also, enabling promising medical 
applications, such as in dermatology, heart surgery or specific tissue applications requiring a short wavelength 
interaction. Key challenge is, especially for material processing, the increase of the emitted power while 
ensuring high brightness, compact size and low cost-per-watt enabling therefore high-volume productions as 
demonstrated by Near Infrared (NIR) diode laser sources.  

To fulfill these needs, a family of blue laser multi-emitter modules has been developed in Convergent Photonics, 
relying on a proprietary architecture of spatial and polarization multiplexing: high brightness, high emitted 
power up to 100 W from a record low SWaP module has been reported in [2], leveraging the same multi-emitter 
integration technology developed in Convergent Photonics throughout the last years (see also [3]). 

Emerging markets, (like medical, jewelry, etc.) can be extremely attracted by a medium-high power laser 
source, integrating all the electronic controls, driving circuitry, safety, etc. in a very compact – low cost 
footprint. Present realization is therefore dealing with an innovative laser source, with an output power up to 
100 W into a 105 µm core fiber, providing all the electronics necessary for the system control and monitoring, 
safety, laser driving, in a very compact size, maintaining similar SWaP as previously demonstrated source and 
further enhancing cost reduction and manufacturability. 

 



 
 

 
 

 
 

2. OPTICAL AND MECHANICAL DESIGN 
The packaging architecture of the new Convergent multi-emitter blue laser, called electronic Lyrae (e-Lyrae), 
is based on the combination of single diode sources, exploiting both spatial and polarization multiplexing, as 
already adopted for the all the previous Convergent laser multi-emitters, both in the NIR and blue wavelength 
emission regions [4].  
Thus, the e-Lyrae maintains the same footprint of 54 mm x 140 mm of the 100 W blue laser multi-emitter 
presented in [2], resulting in a very compact stand-alone laser source despite the integration of the innovative 
electronic boards on the lid of the package, with only 35 mm of height. 
The core technology of the single emitters relies on GaN semiconductor laser diodes mounted on a submount 
(Chip on Carrier, CoC). CoCs are soldered on a bulk copper platform and electrically connected in series by 
aluminum wires bonding. The optical layout is composed by fast and slow axes collimators lenses, mirrors, a 
polarization combiner and a focusing lens to achieve fiber coupling, all optimized for the specific emitted 
wavelength, fiber core and brightness specification target. 
 
2.1. Optical Design 
The optical design consists in two clusters of 10 CoCs each. Every output beam is individually collimated with 
a-cylindrical lenses along the Fast Axes (FA) and Slow Axes (SA), as in the schematic of Figure 1. The beams 
of the first cluster are 90° reflected and then stacked, toward a Polarization Beam Combiner (PBC) that transmits 
the TE polarization component. In the same way the beams coming from the second cluster are directed toward 
another side of the same PBC, where a waveplate rotates the TE polarization obtaining TM-polarized beams, 
which are then reflected and, so, combined with the TE-polarized beams of the first cluster. 
The beams from the two clusters are, finally, focused in the output fiber (105/125 µm) by an aspherical lens. 
This implemented optical solution, able to combine 20 single emitters, results in an ultra-compact laser source 
of 100 W, a numerical aperture (N.A.) of 0.16 and a Beam Parameter Product (BPP) around 8 mm∙mrad. A 
dedicated optical simulation, based on gaussian rays propagation [5], was performed in order to better define 
the characteristics of the optics and their tolerances. 

 
Figure 1: optical layout of the multi-emitter package. CoCs are soldered to the package in 2 clusters (A and B), and connected in series. 
Beams from each CoC are individually collimated through fast and slow axes collimators and stacked (spatial multiplexing), then 
reflected (a) toward a Polarization Beam Combiner (PBC); a waveplate change the polarization of the beams from cluster B, to achieve 
polarization multiplexing. Finally, all the beams are coupled in an optical fiber by an aspherical lens. 

 
In addition to this optical design, implemented also for the previous Convergent’s multi-emitters and so utilizing 
the same production line, a red or green eye-safe pointer has been added. This laser pointer is in a TO-can 



 
 

 
 

 
 

package, placed in an external snout (see scheme in Figure 2) and aligned in order to be coupled inside the optical 
fiber. Its pins are directly wired to the electronic boards 

 
2.2. Mechanical Design 
The packaging solution of e-Lyrae has its peculiarity in the integration of two electronic boards to drive, control 
and monitor the laser source and all its features, as explained in details in the following section. The structure 
of the e-Lyrae consists in three  layers, as shown in Figure 2: 

• the first layer is the copper bulk package, where the CoCs and the optical components are firstly aligned 
and tested;  

• the second layer consists in the two electronic boards; 
• the third layer is the external lid which covers and protects the whole product. 

The CoC emitters, electrically connected in series, are wired to two connection pins which, after the optical 
tests and quality assessments of the optical platform, are directly soldered to the electronic boards. The copper 
lid of the optical package is used as heat sink for the lower board. Two photodiodes, soldered on the bottom 
side of the lower board feed through the lid (Figure 2) to pick a fraction of the emitted power inside the package 
and are used for safety and measurement purposes, as described in further sections.  
 

 
Figure 2: scheme of the e-Lyrae multi-emitter layers. The first bottom layer is where CoCs and optics are aligned. The second, upper, 
layer hosts the electronics to drive and control the CoC series, the pointer and two photodiodes. The third layer is a lid covering the 
product, visible in the full picture up right. 

 
Finally, the optical fiber delivering the output power is protected by an armor cable, terminating with a SMA-
905 connector. In this way the user can easily place and hold the output fiber for their specific application, 
avoiding splicing or handling of fragile unprotected optical fibers. The final assembled electronic Lyrae multi-
emitter source is shown in Figure 3. 
 

 



 
 

 
 

 
 

 

Figure 3: electronic Lyrae, final product 

 

3. ELECTRONICS DESIGN AND CONTROL 
The key feature of the electronic Lyrae is, as previously mentioned, the integration on the optical package, of 
the power driving circuits to control the current in the laser diodes and the monitoring circuits for real time 
acquisition of all relevant variables, such as voltage across the diodes, injected current and integrated and/or 
external optical sensors measurements. 
The electronic control of the laser is performed using two electronic boards that communicates through a serial 
interface. In Figure 4 are shown the two electronic boards mounted on the lid of the multi-emitter laser package: 
the upper one is the master board, the lower the slave board.  
The master board is the data master of the serial protocol and it hosts an embedded computer that functions as 
web server. Via a web interface, called WebMonitor, the user can send commands and collect monitoring data 
via a simple and user-friendly interface with a refresh rate of 10 ms.  
Slave board, instead, is the data slave of the protocol, and hosts the high power electronics which drives the 20 
GaN laser diodes connected in series. Power electronics has been specifically designed to drive the high voltage 
required by the GaN semiconductor diodes, which implies about 100 V of compliance voltage, two times more 
than GaAs based diodes in a similar configuration. 
The on-board buck regulator implements an accurate current control using a hysteretic controller coupled with 
precision current measurement that makes possible to regulate the current with an accuracy of 10 mA. 
Considering that current full scale is 4 A, the relative error is 0.25%, such an accurate control being of great 
importance for specific (i.g. medical) applications.   
As shown in Figure 5, four connectors are used to communicate with the external world: three on master side 
and one on slave side. On the master side there are two USB connectors: USB micro B for both 5 V power and 
communication, and an optional USB type C for extra 5 V power. The third connector is a 14 pin Molex header 
connector, used for all wired interface signals. On the slave side, there is just a 2 pin Molex header connector 
for 100 V DC power supply. Wired interface signals are: 

• Key: potential free contact input that must be closed to enable the laser   
• Pedal: two potential free contact inputs that must be closed to turn on the laser 
• AnalogCmd: analogic input 0-5 Vdc that sets the power setpoint 
• Analog Power Out: analogic output 0-5 Vdc that gives an estimation of the optical power 
• Emission On: potential free contact output that is closed when laser is on 

 



 
 

 
 

 
 

 
Figure 4: multi-emitter package with assembled 

 the electronic boards (master and slave). 

 
Figure 5: user interface; a) USB micro B for PC 
connection and master power supply; b) optional 
USB C power supply; c) wired board interface (14 pin 
header connector); d) DC voltage slave board  power 
supply (2 pin header connector). 

 

Key and pedal signals are mandatory to enable the turn-on of the laser: the two pedal circuits are redundant and 
cross checked for integrity, and ensure that the power supply to the laser diodes is safely switched off when 
required, still keeping the control unit operational. It can be exploited, for instance, during an alignment 
procedure using the red or green pointer, without wearing safety goggles and does not require the user to add 
additional external safety devices to ensure the laser is safely off. 
An external photodiode can be connected to the AnalogCmd input signal to add an external optical power 
monitor to the two internal ones which use the photodiodes installed at the bottom of the slave board. All these 
sensors can be used for optical power measurements, and for safety purposes. 
The adaptive monitor safety control calculates dynamically a threshold value as a function of the user set 
current, and, so, the emitted power. When the sensor reading is below the threshold, because of a lack of power, 
or a broken optical component, the laser immediately switches off.  
The safety function can be selected from the internal photodiodes or to the external one. The external photodiode 
can be placed at user convenience somewhere along the optical chain. For example, the photodiode can be 
placed in front of a dumper surface to collect reflected light at the end of the chain. 
From a measurement point of view, instead, the reading of the photodiodes can be recorded, together with the 
corresponding current and voltage, to acquire power-current and voltage-current characteristics. This function 
is implemented in the control interface WebMonitor; thus a user can perform an automatic fast sweep in a 
specific current range and have all the data saved in a text file. 
Through the WebMonitor (shown in Figure 6) can be monitored all the laser parameters, such as current, 
voltage, temperatures, photodiodes reading, as well as all the possible errors, from the missing turn on of a 
safety key-pedal signal to a lack of power measured from a photodiode or a temperature above a set threshold.  
 



 
 

 
 

 
 

 
Figure 6: WebMonitor main page screen. 

 

4. EXPERIMENTAL RESULTS 
Nowadays several b-sample of e-Lyrae have been manufactured, characterized and tested.  
The optical platform, based on 20 GaN diode multi-emitter, already demonstrated good results in terms of 
power and brightness, as reported in the previous Photonics West conference [2]. The beam quality (BPP 8 
mm*mrad), optical fiber (105 µm), beam stacking and optical launch (N.A. 0.16, measurement shown in Figure 
7) of the present realizationare remained almost identical to the cited high brightness DL-100-G laser multi-
emitter. 
Anyway, the integration of the previously described electronics has led to an additional significant 
improvement: thanks to it the high power blue lasers become easier controllable and safer in their use, because 
all the new integrated features (photodiodes monitoring, safety interface signals, parameters checking…), 
always keeping the low-SWaP architecture.  
 

 
Figure 7: far field measured at 1, 2 and 3 A of bias current. N.A. = 0.16 is defined at 95% of max emitted power. 

Figure 8 shows the measured output power and compliance voltage versus the bias current. Both data sets were 
obtained through the fast sweep command. These measurements shows 100 W of emitted optical power, 
achieved at about 3.5 A, without any power roll-off. 



 
 

 
 

 
 

 

 
Figure 8: (left) output power – current characteristics; (right) compliance voltage – current characteristics. 

Moreover, some short-term power stability tests (Figure 9) were carried out by using a power meter log and 
the external photodiode working as safety sensor: it was calibrated together with the adaptive threshold in order 
to switch off the laser whenever the back reflected power from the power meter dropped below a certain level.  

 

         
Figure 9: (left) output power short-term stability at several current steps and (right) corresponding measurement setup including 

external photodiode working as safety sensor, monitoring back reflected power variations.   

 

5. CONCLUSIONS 
 
Electronic Lyrae is a multi-emitter laser source emitting the blue radiation (450 nm), a wavelength which is 
starting to gain its importance in several utilization, in both industrial and biomedical fields. 
The main innovation relies on the integration of an electronics, based on two boards (master and slave), which 
enable the possibility to drive the laser while monitoring all its features and perform automatic measurements, 
always fulfilling safety requirements, including when integrated in a more complex system. 
Moreover this electronics integration has maintained the multi-emitter footprint being assembled on its lid, 
keeping the proprietary low-SWaP architecture of the previous products. Indeed e-Lyrae can reach a power of 
100 W on 105 µm core fiber and 0.16 N.A., preserving a BPP around 8 mm*mrad. 
Such as compact, high power and ready-to-use laser can be integrated in optical systems and/or effectively used 
in many applications like in dermatology, heart surgery or specific tissue applications requiring a short 
wavelength interaction. 
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