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Abstract  
  
The objective of this thesis has been to investigate novel host material configurations for 

high-power, end-pumped Er-Yb co-doped or Yb-doped microchip lasers in order to increase 

their performance. In Er-Yb co-doped systems, the main limitation is the thermal 

shortcomings of the phosphate glass host material. The thesis presents some novel results that 

contribute to the search for a crystalline replacement. In Yb-doped systems, most end-pumped 

schemes reported have been using relatively low-power single-emitter diodes. The thesis 

presents experiments with Yb:KGW microchips end-pumped by high-power diode bars. 

Another common limitation of end-pumped Yb microchip lasers is the thermal lens that 

destabilizes the cavity and decreases the beam quality. The approach to reduce the thermal 

lens by using an athermal propagation direction has been evaluated and the results are 

presented in the thesis. 

 

In the search for a crystalline host material for Er-Yb systems, borates have been found 

increasingly interesting. Consequently, we started out by investigating gadolinium-calcium-

oxoborate, GdCOB, which could be grown in platinum crucibles. It was found that the cw 

performance of such monolithic microchips is quite comparable to glass hosts in terms of 

slope efficiency, but the threshold is significantly larger. As for Q-switched performance, 

which is essential to most Er-Yb applications, the first efficient Q-switched results with a 

crystalline host is presented in the thesis. Similar to the cw regime, the slope efficiency is 

comparable to that of glass, while the threshold is quite high. However, the maximum output 

power before thermal fracture, perhaps the most important parameter, is neither significantly 

improved nor worsened compared with phosphate glass. This is believed to be due to the 

higher threshold and a stronger thermal expansion that negates the benefit of a thermal 

conductivity that is only 2-3 times higher. To find a host material that could withstand higher 

pump powers, we finally turned our attention to the double-tungstates KGW and KYW, which 

have higher thermal conductivity and higher cross-sections. They have, however, energy level 

lifetimes which differ significantly from those in glass or borates and as a consequence, a 

thorough spectroscopic investigation has been undertaken to optimize the dopant 

concentrations. Laser experiments on crystals with dopant concentrations based on this 

investigation are expected in the near future. 

 

When pumping an Yb:KGW microchip laser with a high-power diode bar, we achieved 

output powers of 9 – 12.4 W under different experimental conditions and with incident 

powers of 18.3 – 26 W. The incident power of 26 W in one design was enough to fracture the 

crystal. Using a crystal cut for propagation along an athermal direction and comparing it with 

an identical b-cut crystal, we found that the thermal lens in the athermally oriented crystal was 

about a factor of two weaker at the same absorbed power. 
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Preface 

  
The main part of the work described in this thesis was performed at the Laserphysics lab of 

the Applied Physics Department at the Royal Institute of Technology (Kungliga Tekniska 

Högskolan), KTH, in Stockholm. Part of the experiments regarding the GdCOB crystals was 

also performed at the Laser Material and Technology Research Center of the General Physics 

Institute, GPI, in Moscow in collaboration with the research group of Prof. Boris Denker. 

Double tungstate crystals for spectroscopy were grown by the group of Dr. Francesc Díaz at 

the Química Física i Inorgànica department of the Universitat Rovira i Virgili in Tarragona, 

Spain. The experiments on Yb:KGW using a fiber-coupled pump source were performed at 

the Max Born Institute, MBI, in Berlin within the group of Dr. Valentin Petrov.  

 

This thesis has been partly funded by the Swedish Royal Academy of Science, SAAB Bofors 

Dynamics AB, the European Union through the DT-CRYS project and the Helge Ax:son 

Johnson foundation. 

 

The thesis consists of an introduction, a chapter giving the theoretical background and two 

chapters presenting the work resulting in the included papers. Finally, there is a paper 

summary and description of the author’s contributions as well as the major conclusions of the 

thesis.  

 

 

 



iv 



v 

List of publications 

  
I. B. Denker, B. Galagan, L. Ivleva, V. Osiko, S. Sverchkov, I. Voronina, J. E. Hellstrom,  

 G. Karlsson, F. Laurell: “Luminescent and laser properties of Yb-Er:GdCa4O(BO3)3: a  

 new crystal for eye-safe 1.5-µm lasers,” Appl. Phys. B79, 577-581 (2004) 

 

II. J. E. Hellström, G. Karlsson, V. Pasiskevicius, F. Laurell, B. Denker, S. Sverchkov, B.  

 Galagan, L. Ivleva: “Passive Q-switching at 1.54 µm of an Er-Yb:GdCa4O(BO3)3 laser  

 with a Co
2+

:MgAl2O4 saturable absorber,” Appl. Phys. B81, 49-52 (2005) 

 

III. S. Bjurshagen, J. E. Hellström, V. Pasiskevicius, M. C. Pujol, M. Aguiló, F. Díaz:  

 “Fluorescence dynamics and rate-equations analysis in Er
3+

, Yb
3+

 doped double  

 tungstates,” Appl. Opt. (in press)  

 

IV. J. E. Hellström, S. Bjurshagen, V. Pasiskevicius, J. Liu, V. Petrov, U. Griebner:  

“Efficient Yb:KGW lasers end-pumped by high-power diode bars,” Appl. Phys. B (in 

press) 

 

V. J. E. Hellström, S. Bjurshagen, V. Pasiskevicius: “Laser performance and thermal  

lensing in high-power diode pumped Yb:KGW with athermal orientation,” Appl. Phys 

B, DOI 10.1007/s00340-005-2115-8 (2006) 

 

Conference contributions (not included in the thesis) 
  
A. B. Denker, B. Galagan, L. Ivleva, V. Osiko, S. Sverchkov, I. Voronina, J. E.  

Hellstrom, G. Karlsson, F. Laurell: “New crystalline material for 1.5 µm lasers – Yb,  

Er activated GdCa4O(BO3)3,” in Advanced Solid-State Photonics (Santa Fe, USA,  

2004). paper TuB1 

 

B. B.Denker, S. Sverchkov, B. Galagan, L. Ivleva, V. Osiko, I. Voronina, J. E. Hellström,  

 G. Karlsson, V. Pasiskevicius, F. Laurell: “Passive Q-switching at 1.54 µm of a 

GdCa4O(BO3)3 laser with a Co:MgAl2O4 saturable absorber,” in Advanced Solid-State 

Photonics (Vienna, Austria, 2005). paper MF14 

 

C. J. E. Hellström, S. Bjurshagen, V. Pasiskevicius, F. Laurell: “Experimental  

investigation of the athermal orientation in Yb:KGW,” Advanced Solid-State 

Photonics (Incline Village, USA, 2006). paper WB5 

 

D. B. Denker, B. Galagan, V. Osiko, S. Sverchkov, A. M. Balbashov, J. E. Hellström, V.  

Pasiskevicius, F. Laurell: “Hot YAG:Yb
3+

:Er
3+

 crystal – a potential laser medium for 

high average power 1.5 µm lasers,” Advanced Solid-State Photonics (Incline Village, 

USA, 2006). paper MB17 

 

E. J. E. Hellström, S. Bjurshagen, V. Pasiskevicius, J. Liu, U. Griebner, V. Petrov:  

“Efficient Yb:KGW lasers end-pumped by high-power diode bars,” submitted to  

CLEO 2006 

 

 



vi 

Acknowledgements 
  
To begin with, I would like to thank my supervisor Fredrik Laurell for allowing me to start 

my studies in his research team and for supporting me through it. I am especially grateful for 

all positive attitude and encouragement and for interesting discussions concerning a huge field 

spanning from laser crystals to Vasaloppet. 

 

Special thanks also to Dr. Valdas Pasiskevicius for sharing his vast knowledge and for 

inspiring me to make extra effort in the lab. I am further thankful to him for teaching me the 

tricks of the trade and helping me develop as a scientist. 

 

I would like to thank SAAB Bofors Dynamics AB for giving me the financial opportunity to 

conduct these studies as well as the opportunity to apply my skills in an industrial 

environment. Thanks to Mikael Strohmaier, Hans-Göran Ohlsson, Dan Hellkvist, Owe 

Englund and all the others at Kulltorp for making my stays in Karlskoga such good 

experiences. 

 

I am very thankful to Prof. Boris Denker and Drs. Boris Galagan and Sergey Sverchkov at the 

General Physics Institute in Moscow for fruitful collaborations and enjoyable visits. Thanks 

also to the group of Dr. Valentin Petrov at the Max-Born institute for valuable collabration. 

  

Many thanks goes to the laserphysics group where I have had such a great time. Especially to 

Dr. Gunnar Karlsson, who first guided me into the field of lasers, to Mikael Tiihonen, who 

shares my room almost without any complaint, and to Dr. Stefan Bjurshagen, who has joined 

me in several experiments. But my gratitude for all nice moments at work and off work 

remain strong also with the other members and ex-members of the group: Dr. Anna 

Fragemann, Markus Alm, Björn Jacobsson, Sandra Johansson, Pär Jelger, Stefan Holmgren, 

Dr. Carlota Canalias, Dr. Shunhua Wang, Dr. Jonas Hellström, Junji Hirohashi, Assoc. Prof. 

Jens Tellefsen, Dr. Stefan Spiekermann and Lars-Gunnar Andersson.  

 

I am very grateful to the Royal Academy of Science (KVA) and the Helge Ax:son Johnson 

foundation for funding much of the collaboration with Prof. Boris Denker’s group.  

 

A final thanks to my wonderful girlfriend Pille Leppik for supporting me when work is hard 

and appreciating me when work is light. Aitäh! 



vii 

Table of contents 
  
Abstract………………………………………………………………………………………….i 

Preface………………………………………………………………………………………….iii 

List of Publications……………………………………………………………………………. v 

Acknowledgements…………………………………………………………………………….vi 

 

1   Introduction……………………………………………………………………………….. 1 

 1.1   Background…………………………………………………………………………….1 

 1.2   Presentation of GdCOB……………………………………………………………….. 2 

 1.3   Presentation of KGW…………………………………………………………………. 4 

2 Aspects of solid-state laser theory…………………………………………………………. 9 

 2.1   Ion energy levels and photon interaction………………………………………………9 

 2.2   Intensity amplification……………………………………………………………….. 10 

 2.3   Rate equations and laser modes……………………………………………………… 11 

 2.4   Output performance………………………………………………………………….. 14 

 2.5   Loss mechanisms…………………………………………………………………….. 14 

 2.6   Thermal issues……………………………………………………………………….. 16 

3 Crystalline host materials for Er-Yb lasers……………………………………………... 19 

 3.1   The Er-Yb laser system……………………………………………………………… 19 

 3.2   CW laser results with Er,Yb:GdCOB …………....………………………………….. 22 

 3.3   Q-switched laser results with Er,Yb:GdCOB………...……………………………… 25 

 3.4   Fluorescence dynamics in Er,Yb:KGW…………………………………………….. 28 

4 High-power Yb:KGW microchip lasers………………………………………………….33 

 4.1   High power Yb microchip lasers…………………………………………………….. 33 

 4.2   Reducing the thermal lens in Yb:KGW………………………………………………37 

 4.3   Tuning in Yb systems………………………………………………………………... 42  

5 Conclusions………………………………………………………………………………... 45 

6 Description of the original work and author contribution……………………………... 46 

References…………………………………………………………………………………… 49 


