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TUNNEL-DIODE DELAY- CINE OSCILLATOR 

A FEW YEARS AGO n wide-range osciFlator using a vac- 
uum triode and a variable delay line was described in 
The Gcneml Radio Experimctcrl. That oscillator i s  
shown in Fig. 1 while a similar one, using a tunnel 
diode as the active eIement, appears in Fig. 2. This 
circuit is a variation of the "series-parallel" oscillator 
describ~d by Gottlicb,' with the tank ~ i r c r ~ i t  replacetl 
h>p a shorted delay line. 

The supply voltage and resistors serve to bins the 
tunnel diode into the negative-resistance ~.egion of its 
current-voltage ~Ilaracteristic as shnnn in Fiq. 3. Here's 
Ilow the circuit works: 

L 

A voltage step occurs when the tunncl cIiede s~vitull-  
es from its low-voltage state to fts high-voltage state. 
The voltage step propagates down the delay line and 
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Fig. 3 .  This biode oscillator uses n delay line ns the 
feedback element. 
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Fig. 2. The tunnel-diode delay-line ~sciflntor. 

is reflected back in opposite polarity by the short 
circuit. When the reflected step rcaches the tunnel 
diocle, it rnnkes the diode reverse state, generating a 

new voltage step lvhicll tritvels again ilu\r*u the tlu1;iy 
line and the prncess repents. 

Fig. 4 show valta,ge cull-rnt ~vn~cinl-ms at tltc 
input of the delay linr For nscillation Frcc!uenri~s nf I 
mc and 5 mc. The waveforms suggest the operating 
path shown in Fig. 3. Due to the on-off nature of the 
oscillations, the voltage amplitude is fairly constant 
over the entire frequetlcy range and the frequency is 
quite stalde, since it depends primarily on the delay 
line and is relatively independent of the diode clinrae- 
teristics. 

Since an nppositc vo(tage t r ans i t io~  occurs tor each 
rnllntf trip of  thr delay line, thr oscillation p~riod i s  
C ~ [ I , I ~  lo lour tifnrs 1I1e clcl,~!! sultil~g. TElc circuit 
qhown. rlring n Gcnrrnl Rndin T y p ~  31 1-586 VnrjnhTr 
IIc1.1y Line: (0  tn O..5arcrc), nscill:~trs rr;~rFily Troll1 
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Fig. 3. The current-voltage characteristics of the tun- 
nel diode with the operating path for the oscillator 
of Pig. 2.  

0.5 mc up to  about 20 mc. The upper end of the 
frequency range is quite crowded because of the hy- 
perbolic relationship between frequency and the shaft 
rotation nf the linear delay line (f = I J4T) .  Up to 
about 10 mc, operation i s  smooth and unifolm. Other 
delay lines nnc? tr~nnel diodes can, of cnurse, be used. 
OscilIntions in the 100 mc region have been obtained 
hy using sections of shorted transmission line in place 
of the deIay line. 

Fig. 4. Toltage and curent waveforms at the delay-line 
input of the tunnel-diode oscillator. The upper oscil- 
logram is for 1 me ~scillation while the lower is for 
3 mc. Voltages are shown in the upper halves of each 
oscillogram on a scale of 0.5 vlcm. Currents am shown 
at 1 m a l m .  The time scale for the upper oscillogam 
is 0.2 psec/crn, while it is 0.1 pseclcm for the lower 
oscillogram. 
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