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Abstract:In this paper, we describe micro-fabrication, RF measurements, and particle-in-cell (PIC) 
simulation modeling analysis of the 0.22 THz double-vane half period staggered traveling wave 
tube amplifier (TWTA) circuit. The TWTA slow wave structure comprised of two sections 
separated by two sever ports loaded by loss material, with integrated broadband input/output 
couplers. The micro-metallic structures were fabricated using nano-CNC milling and diffusion 
bonded in a three layer process. The 3D optical microscopy and SEM analysis showed that the 
fabrication error was within 2-3 &mu;m and surface roughness was measured within 30-50 nm. 
The RF measurements were conducted with an Agilent PNA-X network analyzer employing 
WR5.1 T/R modules with a frequency range of 178-228 GHz. The in-band insertion loss (S21) for 
both the short section and long section (separated by a sever) was measured as ~-5 dB while the 
return loss was generally around ~-15 dB or better. The measurements matched well with the 
S-matrix simulation analysis that predicted a 3 dB bandwidth of ~45 GHz with an operating 
frequency at 220 GHz. However, the measured S21 was ~3 dB less than the design values, and is 
attributed to surface roughness and alignment issues. The confirmation measurements were 
conducted over the full frequency band up to 270 GHz employing a backward wave oscillator 
(BWO) scalar network analyzer setup employing a BWO in the frequency range 190 GHz-270 
GHz. PIC simulations were conducted for the realistic TWT output power performance analysis 
with incorporation of corner radius of 127 &mu;m, which is inevitably induced by 
nano-machining. Furthermore, the S21 value in both sections of the TWT structure was reduced to 
correspond to the measurements by using a degraded conductivity of 10% International Annealed 
Copper Standard. At 220 GHz, for an elliptic sheet electron beam of 20 kV and 0.25 A, the 
average output power of the tube was predicted to be reduced from 90 W (for ideal 
conductivity/design S-parameters) to 70 W (for the measured S-parameters/inferred conductivity) 



for an average input power of 50 mW. The gain of the tube remains reasonable: ~31.4 dB with an 
electronic efficiency of ~1.4%. The same analysis was also conducted for several frequencies 
between 190 GHz-260 GHz. This detailed realistic PIC analysis demonstrated that this 
nano-machined TWT circuit has slightly reduced S-parameters and output power from design, but 
within an acceptable range and still have promising output power, gain, and band width as 
required. Thus, we expect to meet the specifications of 1000 W-GHz for the darpa program goals. 
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