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Superregenerative tuNhel diode amplification was studied using

an approximation of thei- u charaeteristics in the for of 1lth
degree polynom. The effeet of tunnel diode nonlineraities on the gain
in Iinear and lograitimic modes was ivestigated. Rxperiments con­
fims the existance of superregenerative amplifieation in the Iinear
and iofarithmic modes.

The limit of gai in an ordinary regenerative amplifieis is ieched
when positive feed back is incrased to a point where the circut
oscillates. Super-regeneration extends operation inمt the region of
dscillation by alowing the circuit to oscillate for a faction of tiae.
Therefore, voltage gain of oyer 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 thuat
the oscillatios do not harve time to build to full saturation amplitude.
The logaitimic mode : which occurs when the period is sufficiently
1ong to allow oscillations t buildم to full amplitude before the end of
the positive quencb period.

Tunnel diode superregenerative amplifiers (TDSRA) were only
ualitatively considered (1,2). Simplified analysis wsing cubic ap­
proximation for the currentvoltage 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
nonlineaity 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 clarify ما how the real
values of the gain (considering tunnel diode nonlineraity) mill differ
from the values obtained from approximate expressions (6).
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Supper-regenerative Amplification

Tunnel diode chracteristics could be approximated in the form of
polpnom (6,7) 11th degrea,
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n= ٠ ن
3١٨n (1)

which is veIy suitable approximation for the nonlineAr characteristics
of tumnel diode. The values of the constants are,

,AmeRere}Yolt0.07172ر= O, aه, 
٧4/A593.063ر= a,٧/A29.964ود عد 

،6 = 32592.26 A/٧6 , ./A -=,ة119557.9
a37936.5،و= لا A/79 , a0381595.9=إ A/٦I0.

a0٠90463=-ي A/,
,A/V5626.1=-وه 

a٥ = 288142.I A/V,
a11-155439.35 A/V1.

In' the case of a resonant load of tho amplifier with a high @ value
and a resonant freuency w , tنhe reonator can be replaced by a

parallel eguivalent cireuitLCR. When the condition 1 ­satis ±ر فز
Q

fied the voltge on the tunnel diode could be expressed in the form

٧ [] Y sin wt ..٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠.٠ (2)

Substitutig e. (2) in (1) one could obtin the average value ( I٨»)
and the first hammonie (l,) curIent components of the fourier analysis
f the current (1). Hence, the tunel diode average conductanceن 

٢,
60 =- -٢ is caleulated. Fig. 1 shows the dependence of ! on بت

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

Linear Mode

Since the I-٧ 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 superegenerative amplifier
i Linear mode is iven by

I م :(٥-)1٧٧٠٦٠٥ .=٢ ت

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

is ء.و١٠٠ ،{ the nodulus of circuit decrement d = , و(م where is
 ، ا٢ م
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FIE. 1The dcpendenee of negative conductaNce on
the biكa voltage T] for difrerent sigral aMplitudes V

the eharacteristic resistamnce of the tank circuit Let; G]= G- g (V),

therefore d = dم g (V) where d,=م ! G,{" the وز modulus of: ٠ 0
the modulus of the negative derement for V = O (when the tunnel
diode nonlieraity .(i neglectedف 'THe exact expression for the gain
mill be

 إ¢ و
.Twي·٠ 

2
٥3،31 3)٤,٢٥""W٧(7)٠ م/ ،  ع= إيار،٠٠٠٠)

'١ ١٦WTThe factor '(")g مء/ ٥°٤ ر represents a correction factor
accounting for the nonlinear dependence of the gain on the signal
amplitude. Usig Fig. 1 and euuation (8) the dependence of  ر£
on V for U_ =0.1 is plotted in Fig. 2 for different K values and

· 1 .- for -;=0.1G . Itis clear that, for U =0.1 V, oa increasingoم 
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K, and V the factor monotonically decrease5. There fore, calculA­
ton of the gain in liner mde of SRA by the approximate, expression
(4) gives values differs largely 1rom the real value9.
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Fig. 2 The dependence ot ٤he nonlincarity actor ؟
on the siEnal Rmnplitude at ditferent K, values.

Lمogarithmic 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 ampiitudeg, which could be expressed, for a linear
system, as

 لإ4٠٧٢d'w٠٤ م-٤[)(٢ ر(
٧ يدe لا م€=٠٠٠٠(4

for diferent values of the parameter g (V) = constant. Curves of
٧ (t), for linear systems with diferent d values, could be plotted
(Fig. 3). Tlerefore, nonlinear system could be considered as a hiaear
dne for a small time interval D t. Transitions from one of D  ا
values to another are accompanied by jumpwise variation of d value9,
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. و؟3
Fig. .31 Growth of oعو lllAtions tor inear and logari­

thmie modes tor different d 7alues.

therefore, the dpnAmie characteristics V (t) for nonlinear system
could be expressed in the form

¥ [ب

0= L (")" ٠٠٠٢٦٨٠١٠٢- م0٧٤)١1
E

and the variation of the are of the dscillations burst

،٧٠0
٨S4٢٧٥,٤٥١1)ء٢٤(٧٦٤١-٠\ 

o

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

.٠٠. (5)

.. (6)

،g٣2€2 يم
٧٥S ج٤ ية -ر!--= ع ي؟ أ =

wم d€1w٥'٥
(1+  ا€

) where
€

 +"ي، لعيي ا,
٤ و ب=G ، ا

٨٥t  م9

'The voltage output of the amplifier iwll be

٧٥ = I; K 4 S

1٠

٠٠٠٠٠٠٠(7)

where F', is the quench freuccy and K is the transrission
factor of the circuIt. The logarithmic S R A output voltage when
g (V) zero is given by (5)

 إي٨ث€
٧٨-٧٠٤٤٤٠ تم١٠(١)---+

€o''o

By comparing (7) and (8) we obtain the relation

a = ر a(7=0)  و6

٠٠٠٠٠٠(6)
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i.e. the real gair in the logaritlmic mode of tunnel diode S R A is رء
highr than the simplified expression a, (V=0). The vaIiAtion of

for1و< writh bias voltage is shown in Fig. 4 it is clear that  ية6
voitags less than 100 mV.
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Fig. 4 The dependance of the nonlinearity factor
o٥ tie bias voltae for the 1ogaritLmic mode

Iaperimental
The experimental circuit used to investigate superregenerative

amplification is epresented in Iig. 5. A high frequeney oseillator
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Tز g. s ERperimentAl ى Circuit for superregeneretiveلاقي» مد 

amplification.
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(HF) is used as a signal source and a half wave diode rectifier is used
to quench the tunel diode, the quench frequency is determined by the
audio-frequency oscillator (AF). The S R A is consisted from a Ca
As tumnel diode connected in parallel with a tank cireuit of resonant
freguency .Me/s يم2.5 The oscillations burst is observed on ar
oscilloscope. Jxperiments were carried out at signal frequency
2 Me/s and quench frequency of 20 to 300 e/s. Experimental obser­
vations confirms the occurence of superregenerative amplificAtion in
the linear and nonlinear modes. However, linear mode cccurs in a
very narrow voltage value (because of tunnel diode nonlineraities, As
the quench period and the signal amplitude increases the are of the
oscillation (5) buIst increases and the logarithmic mode takes plAce.
The shape of the oscillation bursts are show in Fig. 6 in linear mode
(Fig. 6 a) and logarithmie. (Fig. 6 b). Experimental observations
shoms that the logarithmic mode is highly stable than the linear mode.
0n icreasing the quench frquency (rom 20 e/s t250م c/s) transition
from linear mode to logarithmic mode cccurs.
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Fig. 6 Superregenerative amplifIer Dutput,
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