POWERFUL COHERENT TERAHERTZ EMISSION FROM Bi2Sr2CaCu2O8+( MESA ARRAY
T. M. Benseman*1, K. E. Gray1, A. E. Koshelev1, 
W.-K. Kwok1, U. Welp1, H. Minami2, K. Kadowaki2,

 & T. Yamamoto3
1Materials Science Division, 
Argonne National Laboratory
2Institute for Materials Science, University of Tsukuba 3Semiconductor Analysis & Radiation Effects Group, Japan Atomic Energy Agency
1Argonne IL 60439

2Ibaraki 305-8753, Japan
3Takasaki Gunma, 370-1292 Japan

There is rapidly growing interest in the generation of electromagnetic (EM) waves at terahertz frequencies (1 THz = 1012 c/sec), because of their potential applications in novel nondestructive imaging and spectroscopy in a wide range of settings.  These include not only the physical, chemical and biological sciences but also pharmaceuticals, manufacturing, environmental monitoring, medical diagnostics, high-bandwidth communication technologies, and security and defense purposes (1).  Compact, stable and high-power sources of THz radiation are highly desirable for these applications.  A variety of technologies have been developed (1, 2); nevertheless, the frequency range from 0.5 to 2 THz, the so-called THz-gap, has been difficult to fill with solid-state sources.

Recently, we have demonstrated that stacks of intrinsic Josephson junctions (IJJs) in the highly anisotropic high-Tc superconductor Bi2Sr2CaCu2O8+d (Bi-2212) can be induced to emit coherent continuous-wave radiation in this frequency range (3).  These samples were designed in such a way that an electromagnetic cavity resonance synchronizes a large number of intrinsic Josephson junctions (4) into a macroscopic coherent state. Power levels of up to 30 (W (5) and frequencies up to 0.85 THz (3) have been reported, while Orita et al. have demonstrated synchronized emission from two mesas on the same crystal (6). 

Here we demonstrate 610 microwatts of radiation power at 0.51 THz, using three synchronized 60 x 300 micron stacks each containing approximately 660 IJJs, patterned on a single Bi-2212 crystal.  The emitted power scales roughly as the square of the number of energized stacks, while the total power spectrum is monochromatic to within observational limits.  These results imply that the stacks radiate coherently. Moreover, this power level is very close to what is required for commercial imaging applications.
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(a) Radiation power versus voltage at optimized bath temperature for one, two, and three mesas. A bolometer signal of 300 mV corresponds to a total generated THz power of 610 (W.  (b) Spectra at maximum THz power (for optimized bath temperature) for one, two, and three mesas. (c) Angular dependence of the emission from a single mesa and from three synchronized mesas. Regions “a” and “b” mark the acceptance angles for the spectrometer and bolometer, respectively.  
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