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The p-Ge THz laser with flat external cavity mirrors exhibits strong intensity 
modulations at frequencies in the 8-80 MHz range, resulting from beating of transverse 
modes. A theoretical description of the mode structure of this cavity is given. Results 
compare well  with experimental data on beat frequencies and far field beam profiles. A 
cavity with a back mirror reduced to about 70% of the end face surface  is found to 
leads to an effective suppression of the mode beatings. A strongly improved pulse to 
pulse stability of the output and a much better far field beam shape is observed. 
 

Introduction. 
The p-Ge laser provides THz emission in the of  70-200 µm wavelength range [1]. In 
order to achieve maximum output power and a good beam profile, we use a metal mesh 
as output coupler [2]. This however is found to cause strong fluctuations in the output 
power, resulting from the beating of transverse modes in the cavity. We give a concise 
description of the observed beat frequencies and measured beam profiles and propose 
the use of a back mirror of reduced size to suppress higher order modes.  
The present (Voigt configured) Ge:Ga laser crystal is a rectangular parallelepiped with a 
× b × l = 5 × 7 × 49.5 mm. The mesh and back mirror are pressed against the 5 × 7 
crystal end faces. The a × l facets are completely covered by the electrical contacts for 
the electrical excitation field E // (1,-1,0). The magnetic field B // (1,1,-2 ) is 
perpendicular to both E  and the long axis of the crystal. At the b × l facets, near the 
mesh out coupler, 1 × 10 mm electrodes for active mode locking are placed [3][4][5].  
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Fig. 1. Typical pulse shape for a cavity with large back mirror for B= 0.9 T (  §����-����� P����� 
           The Fourier spectrum shows the presence of a large number of modulation frequencies 
 

Mode structure with a large back mirror: experiment. 
In fig.1. a typical pulse shape is shown, using a 5 × 7 mm back mirror. The Fourier 
spectrum shows modulations at 6, 11, 31, 40, 61, 69, 73 and 770 MHz; the latter being 
the cavity round trip frequency. To obtain additional information concerning the 



transverse modes present, far field beam patterns were measured.  In fig. 2 two intensity 
contours are given as a function of x/z and y/z, where z is the axial distance from the 
laser crystal and x // a // B and y  // b // E. The x/z and y/x scales represent the far field 
divergence angles of the laser beam. The mode structure – Low order modes in low 
field, high order modes in high field – is visible.  
 

 
Fig. 2. Experimental far field beam profiles for a cavity with  large back mirror.  
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 Fig. 3. Theoretical far field beam profiles for a cavity with large back mirror.  
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Mode structure with a large back mirror: theory. 
The field in the resonator is described by the Maxwell equations for a dielectric medium 
(n=3.925) with boundary conditions E  = 0 for the a × l facets (ideally conducting 
surfaces) and E  and H  continuous across the b × l facets.  
The field distribution for electric (Hz =0) and magnetic (Ez =0)  waves is given by the 
electric and magnetic Hertz vectors parallel to z the axis with the complex amplitudes 
ΠE  and ΠH: 

( )( )yikMyikxikLxik
z

HEHE yyxx eeeezk −− −−Π=Π )1()1()sin(,
0
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result in ky=Mπ/b,  kz=Nπ/l and kx §�Lπ/a  (for 12 −nkkx <<1). For kx, ky << k, the 

mode frequencies are then given by 
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The wavelength dependent frequency differences between some of the transverse modes 
are presented in fig. 4b. Using these data and the observed beat frequencies, the 
presence of many low order (L,M) modes can be identified. Calculated far field profiles 
for a mixture of the (1,0) and the (1,1) PRGHV�DW� � ���� P��fig. 3a) and for the (2,2) 
PRGH�DW� � ����� P��ILJ���E��VKRZ�D�JRRG�DJUHHPHQW�ZLWK�WKH�SDWWHUQV�LQ�ILJV���D�DQG�E��
in terms of  overall beam divergence and intensity maximums. 
 

         
 
Fig. 4a. Far field beam profile for cavity with 
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Fig. 4b.Wavelength dependent frequency 
differences between transverse modes for 
big back mirror 
 

Mode structure of resonator  with  small back mirror: experiment 
To reduce the instability of the laser output due to mode beating, and improve the beam 
quality, we investigated the possibility to increase the losses for the higher order 
transverse modes by reducing the size of the back mirror.  
For the experimental  verification a  4.2×5.8 mm back mirror has been chosen, covering 
about 70% of the end face surface. In low field only a very weak mode beating is 
observed, see fig. 5a. The pulse to pulse stability has improved considerably compared 
to that with a large back mirror. In fig. 4a the experimental beam pattern is seen to be 
much less divergent than that in fig. 2a. In high field laser action is absent with small 
back mirror most probably due to the big losses for higher order modes. 
 
 

  
 
Fig. 5a. Pulse shape and Fourier spectrum fRU�% ����7�� �§���� P��IRU�FDYLW\�ZLWK����×5.8 mm 
back    mirror. 
Fig.5b FFT: 770 MHz oscillations, only weak beating in the  tail of the laser pulse is observed. 



 

Fig. 6. Start of laser action under mode locking 
conditions with a big back mirror. (B= 0.5T) 

Fig. 7      Start of laser action at B=0.5 T under 
mode locking conditions for a cavity with 
small back mirror. A smooth increase of micro 
pulse intensity is observed.  

 
 

Conclusion 
The transverse mode structure of the p-Ge THz laser with a cavity consisting of a large 
back mirror and metal mesh out couple mirror has been studied. The experimental 
results on beat frequencies and far field beam profiles are well described by a simple 
model for transverse waveguide modes. 
Decreasing the size of the back mirror leads to an effective suppression of higher order 
modes, resulting in much better (sub- 100ps) micro pulse shapes and stable macro pulse 
trains under active mode locking conditions figs. 6,7. The peculiar field dependence of 
the mode structure found in this specific laser crystal is not yet understood. 
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