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ABSTRACT

Superregenerative tunnél diode amplification was studied using
an approximation of the i — u characteristics in the form of 11th
degree polynom. The effect of tunnel diode nonlineraities on the gain
in linear and lograitimic modes was investigated. Experiments con-
firms the existance of superregencrative amplification in the linear
and logarithmic modes.

The limit of gain in an oérdinary régenerative amplifiers is reached
when positive feed back is incrased to a point where the circult
oscillates. Super-regeneratioﬂ extends operation into the region of
oscillation by allowing the cireuit to oscillate for a fraction of tire.
Therefore, voltage gain of over a million can be obtained. There are
two modes of operation defined for superregeneration.  The linear
mode : which results when the positive quench period is so short that
the oscillations do not have time to build to full saturation amplitude.
The logaritimic mode : which occurs when the period is sufficiently
long to allow oscillations to build to tfull amplitude before the end of
the positive quench period.

Tunne! diode superregenerative amplifiers (TDSRA) were only
qualitatively considered (1,2). Simplified analysis using cubic ap-
proximation for the current-voltage characteristics was reported (3,4)
It was suggedted (4) that the simple expressions for the gain of super-
regenerative amplifier (4,5) could be used for tunnel diode. However,
these expressions are approximate and does not account for the high
nonlinearity of tunnel diode. Therefore, the real characteristics of
the superregenerative amplifier will differ considerably from the
values obtained using approximate expressions (4,5).

~ The aim of the present contribution is to clarify how the real
values of the gain (considering tunnel diode nonlineraity) will differ
from the values obtained from approximate expressions (6).
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Supper-regenerative Amplification

Tunnel diode characteristics could be approximated in the form of
a polynom (6,7) 11th degrea,

- 11

i= X a,un 1)

which is very suitable approximation for the nonlinear characteristics
of tunnel diode. The values of the constants are,

ag =0, a1=0.07172 Amagere{Volt, a, = — 0.20463 AfVE
a; >= — 30.964 A/V? |, a; =593.063 AVt | a5 = — 5626.1 A/VS,
a% = 32902.26 A[VS® , a7 =—l119527.9A/V? = a, = 288142.1 AJW,
ag = — 437936.5 A/V? | ay ==381595.9 A/VI0 a;y=--145439.35 A/V11,

In the case of a resonant load of the amplifier with a high Q value
and a resonant frequency w , the resonator can be replaced by a

parallel equivalent circuit LLCR. When the condition 1 ,,-.1 is satis-

fied the voltage on the tunnel diode could be expressed in the form
u.=U°+ A1 B U 2)

Substituting eq. (2) in (1) ore could obtain the average value ( I, )
and the first harmonie (I,) current components of the fourier analysis
of the current (1). Hence, the tunnel diode average conductance

G,y = _[’r is caleulated. Tig. 1 shows the dependence of ! G, i on

the signal amplitude (V) at different d.c bias voltages,

Linear Mode

Since the I—V characteristics of tunnel diode are highly nonlinear,
linear mode could only observed at very small signal amplitudes.
Simple analysis (6) shows that the gain of superregenerative amplifier
in linear mode is iven by

R ]
a = ¢ (2;")70 =

where R, is the total resistance of the circuit, T  is the period
in which the total circuit decrement is neative (quench period) and

d
W, T,

(1)

d is the modulus of cireuit decrement d = ¢! Gy, > %— where , is
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Fig. 1 — The dependence of megativea conductance on
the bias voltage U for different sigeal amplitudes V.

the eharacteristic resistance of the tank circuit. Let,b Guvl = G,~— g V),

therefore d = d,—p g (V) where d,,=p; G,i— é is the modulus of

_ the modulus of the negative decrement for V = O (when the tunnel
diode nenlineraity is neglected). The exact expression for the gain
will be k

d .
o =c-2g'wo To . — 08 (V) W, I‘c:-___z

! H
The factor ¢ fpg (MW, T".—-_-E; represents a correction factor
accounting for the nonlinear dependence of the gain on the signal
amplitude. Using Fig. 1 and equation (3) the dependence of £
~on V for Uo = 0.1 is plotted in Fig. 2 for different X, values and
1

- for 0 = 01 G . TItis clear that, for Uo = 0.1 V, on increasing
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X, and V the factor monotonically decrcases. There fore, calcula-
tion of the gain in linear mode of SRA by the approximate, expression
(4) gives values differs largely irom the real values.

Q10

Fig. 2 ‘dgnal W

Fig. 2 — The dependence of the aonlincarity factor
on the signal mmplitude at different K; values.

Logarithmic mode

In the logarithmic mode the output signal is determined by the
variation of the area of the oscillation burst with the level of the re-
ceived signal ( ¢ ). This variation depends on the law of the growth
of the oscillation amplitudeg, which could be expressed, for a linear
gystem, as

—_— lf.. 7 —_ r
vve(..a Wot WMt
for different values of thé parameter g (V) = constant. Curves of
V (t), for linear systems with different d values, could be plotted
(Fig. 3). Therefore, nonlinear system could be considered as a linear
éne for a small time interval A t. ‘Transitions from one of A {
values to another are accompanied by jumpwise variation of d values,
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Fig. 3 — Growth of oscillations for inear and logari-
thmic modes for different d values.

therefore, the dynamic characteristics V (t) for nonlinear system
could be expressed in the form ' '

A —
v L () U Welaw—eg )T o (5)
e

and the variation of the area of the dscillations burst
aVs! ) .
AS:S [t(V* el)— 5 (V* gg ) Tde® ... {6}

Q

Substituting (5) is (6) and integrate we get

AS == -—2—-- Vet &2 ly St 2 Vear Za i (1 + - A )wherc
W fig S wo dy
: 1 Svst (I . IGgD(L\f) — )“'1 dv*
et o o
The voltage output of the amplifier iwll be
AV=F K, AS e (N

where F_ is the quench frequency and K  is the transmission
factor of the circuit. The logarithmic S R N output voltage when .
g (V) zero is given by (b)

. 2 AE
AV=FqKVBtW:d—Gln( +—-—) ...... (%)

By comparing (7) and (8) we obtain the relation
gy = & (\'zO) &o



Le. the real gain in the logarithmic mode of tunnel diode S R A ¢, is
highr than the simplified expression «; (V=0). The variation of
8, writh bias veoltage is shown in Fig. 4 it is clear that 8, > 1 for
voitags less than 100 mV.
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Fig. 4 — The dependence of the nenlinearity factor

op the bias voltage for the logarithmic mode.

Ezxperimental
The experimental circuit used to investigate superregenerative
amplification iz represented in Fig. 5. A high frequency osecillator

-
-t
mux_.lj__:
- |
)
i
£
|
i
—..-._l
— ==
|
|
H
|
J
>
-

L~
i
t
|
1

[ e A e J =t b — - -
SRA i Rf
gias
Fia
Fig. 5 -- Experimental Circuit for suparregenerative

amplification.
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(HF) is used as a signal source and 2 half wave diode rectifier is used
to quench the tunnel diode, the quench frequency is determined by the
audio-frequency oscillator (AF). The S R A is consisted from a Ga
As tunnel diode connected in parallel with a tank civeuit of resonant
frequency ~ 2.5 Mc/s. The oscillations burst is observed on an
oscilloscope.  Experiments were carried out at signal frequency
2 Mc/s and quench frequency of 20 to 300 c/s. Experimental obger-
vations confirms the oceurence of superregenerative amplification in
the linear and nonlinear modes. However, linear mode occurs in a
very narrow voltage value (because of tunnel diode nonlineraities, As
the quench period and the signal amplitude increases the area of the
oscillation (5) burst increases and the logarithmic mode takes place.
The shape of the oscillation bursts are shown in Fig. 6 in linear mode
(Fig. 6 a) and logarithmic. (Fig. 6 b). Experimental observations
shows that the logarithmic mode is highly stable than the linear. mode.
On increasing the quench fraquency (rom 20 ¢/s to 250 ¢/s) transition
from linear mode to logarithmic mode occurs.

(a)

(b)

Fig. § — Superregenerative amplifier output.
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