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Coherent sources of THz Radiation 
Frequency Multipliers with microwave tubes (Klysterons, 
Gunn diodes) 
- Inefficient, bulky, can’t go beyond 1 THz 

BWO (harmonics) 

Tunable FIR lasers 
- Up to 1.7 THz, and tunable, but inefficient 

- C02 with side-bands generated with Schottky 
- Difference frequency with MIM diodes 
- Large, unreliable, power hungry 

Optical Heterodyne conversion 
- Use of low power laser diodes, arid Low temperature grown GaAs (LTG-GaAs) 

detectors 



Fiber-optic integration: a “pigtailing” method for microspheres 
1 

Microsphere q-= 
@ Reflecting 

3 
0 
0 

3 
Q 3 0.5 
0 

0.0 

2 

1 - 1  I I I 

0 1 2 3 4 5 6 
Laser frequency tuning, GHz 

Maximum transmission at resonarice -23.5% (fiber-to-fiber loss 6.3dB); 
> 3 x107 at 155Onm; sphere diameter 405pm. Unloaded Qo = 1.2 x108. 



Microtorus: an ultra-high-finesse microcavity 

Oblate spherodial microcavity: -1 00 fold reduction in the nuniber 
o f ex c it e d mo de s c o iiip a re d to t y p i c a1 mi c r o sphere s 

Individual resonance 
Lorentzian fit 

FWHM 22 6MHz 

I I I 

200 400 600 800 
Laser frequency tuning, GHz 

m@ 

0 
I 

Spectrum of whispering-gallery modes in spheroidal dielectric microcavity (D = 160pm; d = 35pm). 
Free spectral range 383GHz (3.06nni) near central wavelength 1550nm. 

Individual resonance bandwidth 23MHz (loaded Q = 8 . 5 ~  1 06). Finesse F = 1 . 7 ~  1 O4 



Microtorus cavity Modes 

Broadband low-resolution spectrum obtained with 
ASE source and optical spectrum analyzer 

1525 1530 1535 1540 1545 1550 1555 1560 1565 

Wavelength, nm 

1. It seems indeed we can combine small size, ultra-high-Q with “nice” FP-like spectrum 

2. Complete “mode cleaning” can be expected with higher eccentricities; 

3. Potential applications may be diverse 

for true finesse 1 O4 - 1 O6 -- in niicrocavities as opposed to “super”mirror FPs 

higher Qs -- with refinement of fabrication 



Coherent THz Source 
a 

0 

a 

0 

a 

a 

a 

Use WGM microcavity with laser diodes 
Use optical fibers for coupling 
Use fiber grating for mode selection 
Stabilize microcavity to external oscillator (if needed) 
Implement cavity tuning, (if necessary) 

Future: Challenges 
Increased efficiency of the photomixer (large area 
travelling wave mixers) 
WGM THz cavity 



Coherent THz Source 
Opticid Set-up 

THz Antenna 

TDL 2 

Silica 
Micro-resonator 

objective 2 

Mirror 2 

TDL 1 Objective 1 

I 
I 
I 

I 
I 

‘ _ _ _ - _ _ _ _ _ _ _ _ _ _ I  Ref: Photo-Detector 2 Photo-Detector 1 
“Narrow Line-Width Diode Laser with a High-Q Micro-Sphere Resonator,” 
Optics Communications, 158 (1 998) pp. 305-3 12 
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