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Edge-pumped Yb:YAG ceramic microchip laser for high-power

mode control
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Summary of thesis contents

The pursuit of compact high power laser devices has led to the edge-pump scheme based on
composite Yb:YAG ceramic microchip. This pump scheme separates pump, laser, and heat
dissipation directions, offering great flexibility for the pump design. The pump distribution can
govern the spatial overlap in laser resonator between pump photons with different kinds of
transverse modes for gain control. The quasi-four-level nature of Yb:YAG performs re-absorption
in the non-pumped area, which can be applied as new mechanism for mode loss control. In
addition, Yb:YAG material with simple energy level structure and low quantum defect is good
candidate for high-power, efficient laser operation. The current research bridges three different
regimes: edge-pump scheme, mode-control theory, and Ybh:YAG laser material aiming for the
development of high-power, compact, and easy-mode-operation laser module.

In chapter 2, we introduce the design principle of edge-pumped laser module based on the
composite ceramic Yb:YAG and diode pump source. We also study the pump shape in our current
4-direction diode stacks edge-pumped microchip laser. We simulate the mode selection between
TEMOO mode and TEMO1 mode under different pump shape. The simulation results indicate that
Gaussian-like pump shapes are preferable for high-power TEM0O mode generation; contrarily,
top-hat shape and basin shape are easy to break into multi-mode oscillation.

In chapter 3, we design the lens-less edge-pumped microchip laser, which is directly pumped
by single-emitter diode chips from multi-direction. The lens-less design is compact and efficient
for the coupling of pump beam; the multi-direction pump scheme can realize the desired pump
shape by pump manipulation. As the experimental result, the 9-direction edge-pumped laser
module was successfully assembled. The measured fluorescence image shows us the
Gaussian-like pump shape, which is greatly agreed with our calculation. We also propose the
optimized pump shape by simulation towards uniform ideal shape for high-power TEM0O mode
generation.

The mode control study does not only rest on fundamental mode, because of the booming
high-order modes researches. Chapter 4 focuses on the high-order Hermit-Gaussian (HG) modes
and vortex modes generation. Compare with traditional end-pumped scheme, which is only
limited in HGnO modes and several mW level, the edge-pumped microchip laser with big gain
aperture shows the advantage both in power scaling and desired mode generation. The pump
design can realize complex pump shape concerning with high-order mode. It is easy to scale the
HGnO0 to HGnm by the method of two-dimensional pump manipulation. In addition, the
re-absorption loss of YDb:YAG can suppress un-wanted mode competition. By using our
9-directions edge-pumped microchip laser module and V-type laser cavity, we experimentally

realized the generation of HGnO modes with the highest index number n = 22 and HGnm modes
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with index number 1 < n, m < 7. The continuous wave output power of these HG modes is from
mW to several W. Next, we demonstrated the vortex beam and vortex arrays generation directly
from the laser oscillator, as vortex modes can be simply represented by a superposition of HG
mode pairs with locked phase shift of n/2. By carefully selecting the mode areas across the gain
aperture on microchip, we got 7 W of doughnut shape vortex beam and hundred mW to several W
vortex array modes.

The theory study and experimental demonstration in chapter 4 show us, it is promising to
design the laser module for the generation of desired transverse mode towards efficient and high
power. In chapter 5, we propose the laser module design to achieve hundred-W-level doughnut
mode as an example of high-order mode selection and power scaling. By numerically calculation,
we can achieve 150 W output power with 24.2% optical-optical conversion efficiency by using a
4.25 mm diameter Yb:YAG microchip. The re-absorption loss plays the important role for
mode-selection and scale about 2 times output power of selected doughnut mode. Since most of
the mode-selection experiments are based on Nd3* doped laser material, in our case, purer mode
and better mode selectivity will be expected. Moreover, not only limited in HG modes and vortex
modes generation, we expect edge-pump system will show the advantage in high-power
Laguerre-Gaussian scalar modes, even vector beams generation in soon.

For application, big interesting has shown in the compact laser module for specific mode
generation like vortex arrays. Since these modes with the spiral phase front and phase
singularities can be very useful in multi dark optical trapping and manipulating as the new class
of optical tweezers. Especially the output power reaches the W level, which is enough high for
some of the applications. Even HGnm modes can be applied for multi-trapping and orientation
torque. With the flexibility of edge-pumped scheme, multiple modes shifting are also promising
for multiple trapping tools or super-resolution microscope. In future power scaling, several tens
W even hundred W level TEMoo mode are critical for pulse operation, doughnut beam could be

applied for laser processing.
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