


III. RESULTS AND DISCUSSION 
A two-chip in-phase power-combined frequency tripler 
working around 300 GHz has been demonstrated [6]. In this 
paper we report on a 4-chip design for a tripler working in the 
260 to 340 GHz range.  Figure 1 (top part) shows the schematic 
for this tripler circuit.  It utilizes four identical chips with 
twenty-four anodes. This design also uses branchline 
quadrature hybrid couplers and internal loads to provide good 
return loss and isolation at both the input and output. 
 Despite the high frequencies involved and large fractional 
bandwidth, the power combining is nearly ideal, with the 
power-combined version performing with almost identical 
bandwidth and conversion efficiency as the single-circuit 
version except with four-times the power handling.  The 
conversion efficiency of the power-combined tripler exceeds 
10% for input powers ranging from 1.4 mW to 17 mW per 
anode with 24 anodes. The peak efficiency reaches a record 
12% at 285.5 GHz and is obtained with around 100 mW of 
input power.  With around 400 mW of input power the 
efficiency degrades to around 9%.  This can be attributed to 
chip heating. The high efficiency over a large dynamic range 
makes this power-combined frequency tripler very versatile.  

The power combined tripler sources can be used to drive 
higher frequency multipliers. Four-way power-combined 
amplifiers and the four-chip 300 GHz first stage multipliers 
have now been demonstrated.  Work on the second stage 2-chip 
tripler and the final stage 2700 GHz tripler is currently 
underway. 

As a preliminary step, we have pumped a single-chip 
900 GHz tripler with the power-combined 300 GHz stage.  For 
this experiment, it was sufficient to use the 2-chip power 
combined 300 GHz tripler.  The dual-chip 300 GHz tripler and 
the single chip 900 GHz tripler (shown in Figure 2) have been 
previously detailed [6,7]. The x3x3 chain was operated at room 
temperature and also cooled to 77 K.  The results from this 
experiment are shown in Figure 3. The power combining 
scheme allows us to obtain these power levels without 
compromising the device lifetime, even with a high power 
drive stage (typically 200 mW at W-band and 20 mW at 
300 GHz).  Thus, it is now possible to achieve 1.2 mW of 
output power above 900 GHz. However, an input power vs. 
output power characterization of the 900 GHz tripler indicates 
that the chip is getting saturated around 20 mW of input power.  
Thus, performance of this chain can be improved by utilizing 
power combining at 900 GHz. Such work is currently in 
progress. Once the 2-chip 900 GHz tripler is assembled and 
tested, we expect to demonstrate around 2 mW of output power. 

 

IV. CONCLUSION 
Multi-chip in-phase power combining techniques that use 

existing chips have been demonstrated. A substantial increase 
in output power at 1 THz based on this approach can in turn 
enable more powerful sources in the 2-3 THz range. 
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Figure 2: A four-anode 900 GHz tripler chip mounted in the 
bottom half of a split waveguide block. 

Figure 3: Performance of a x3x3 chain at room and 
cryogenic temperatures.  A two-chip input-stage 
tripler was utilized to pump the output-stage single 
chip tripler. 
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