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Internal reflection inside the RTD device 
There is an unintentional air gap or thin adhesive layer between the silicon lens and the substrate, 
which produces echo signals due to the internal reflection between the silicon lens/substrate 
interface and RTD/air interface. The round-trip time is estimated as 26 ps considering the oblique 
incidence of the THz beam on the RTD due to the tight focusing by the silicon lens. The first echo 
is seen at around 35 ps in Fig. 1c. In the difference signal (ERTD), this signal is stronger than the 
direct reflection signal starting from 9 ps. This is because the first echo undergoes the reflection 
at the RTD/air interface twice and the signal change due to the RTD reflectivity change is bigger. 
The second echo is small presumably because the THz beam is no longer confined in this cavity 
structure. 
 
  



 

 
 

Figure S1 | Basic characterization of RTD THz oscillator. a. Current-voltage and output intensity-

voltage characteristics. The RTD was driven by a source meter in voltage source mode. The output 
intensity is the same one shown in Fig. 2d as blue curve. b. Typical spectrum measured by a 

conventional heterodyne down-conversion method. 

 
  



 
 

Figure S2 | Experimental setup. a. THz-TDS setup in reflection geometry. b. Timing chart for the 

double modulation.  
 
  



 

 

Figure S3| Bias voltage dependence of the difference signal ERTD. The bias voltages of the typical 

waveforms used in the main text are underlined. 

 


