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ABSTRACT. The purpose of this paper is to shed further light on the operating 
characteristics and limitations of tunnel diode amplifier circuits, particularly 
those with different doping concentrations. This has been achieved by a 
theoretical modeling, economical computer programs and experimental 
measurements. The behaviour of the tunnel diode operating at high frequency 
circuits, and the effects of material parameters and doping levels on their 
performance are presented and discussed. This leads to a better 
understanding of these devices and their limitations . It is found that the 
amplifier gain exceeds unity, and it increases with frequency reaching a peak 
at a certain value of the operating frequency , then it decreases at higher 
frequencies, down to a constant plateau. Results of the predicted , measured 
gain show that it depends on the device physical parameters and its 
material , circuit parameters, and operating conditions. The shape of the 
response curve of the amplifier circuit is a function of the dynamic negative 
conductance and also the resonance nature of the circuit. 

The tunnel diode invented by "Leo Esaki" in 1958 (Esaki 1976), is a device that can 
function efficiently either as an amplifier or an oscillator. It is a pn-junction in which 
both the n-and p-regions are heavy doping conditions, the contact potential is large, 
the space-charge region is very narrow and the field in this region is extremely high. 

A number of researchers have investigated the characteristics of such negative 
differential resistance devices. The aim of this work is to suggest a computer program 
to solve the general equations for the devices and to introduce the effect of device 
physical parameters, circuit terms as well as, operating conditions upon their 
performance as a high frequency amplifier , as well as , to compare the calculated 
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results with those obtained experimentally. The suggested computer program permits 
easily the user to select operating conditions and calculate the effect of various device 
parameters on the investigated amplifier circuit. Calculations of the effective value of 
the gain of tunnel diode amplifier circuit, and the phase angle (cp) using different 
tunnel diode physical-and circuit-parameters as well as operating conditions are 
shown in Appendix. 

Static Parameters of Tunnel Diode: 

Tunnel diodes belong to the devices exhibiting a negative differential resistance 
which enables the tunnel diodes (Stupelman and Filaretov 1976) to amplify and 
generate signals. The tunneling current is proportional to the number of overlapping 
energy levels in the valence band and in the conduction band of the p-and n-type 
materials. In the forward biased junction, the fermi level becomes so shifted that 
opposite the vacant levels in the valence band of the p-region there develop filled 
levels in the conduction band of the n-region with the result that the tunneling current 
of electrons flows across the pn-junction from the n-region to the p-region. This 
current will continue increasing to its highest value until the overlapping reaches a 
maximum. The maximum overlap sets in, when the forward voltage 

Vp = (Ern + Erp) / 3 q ...... .. .... . ............. (1) 


As the voltage is further increased, the number of overlapping levels decreases and 
at the voltage 

Vy = (Erp + E fn ) / q .......................... (2) 


this number goes to zero and the current flowing through the diode reduces,now, to a 
minimum. At voltages above (VJ the usual forward diffusion current passes through 
the pn-junction, which continues to grow with increasing voltages (Fig.1). 

The parameters of the tunnel diode are now; peak voltage (Vp); peak current (Ip); 
valley voltage (VJ; valley current (Iv) and the voltage (Vfp) at which the diffusion 
current is equal to the peak current. Voltages (Vp) and (VJ depend on the values of 
(Efp ) and (Ffn)' i. e., on the degree of doping of the p-and n-region of a semiconductor 
(Gerasimov et al. 1980). Valley current, also called excess current, depends on the 
density of levels in a semiconductor band gap, which are responsible for the presence 
of the tunneling current at voltages higher than (Vy). The larger the number of energy 
levels in the band gap, the higher the valley current. On the other hand, voltage (Vfp ) 
depends on the width of a semiconductor band gap. 
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Fig. l. (Volt - Ampere) Curve for Tunnel Diode. 

A major property exhibited by the tunnel diode , allowing it to operate as an active 
element of the circuit, is a differenti al negative resistance which develops at voltage 
V > Vp' Its value is determined from the empirical formula : 

- Ro (ohm) = 200/Ip 

(for GaAs-diodes) ........................ ... ...... ... _.. ........... . ......... (3) 


and the diode will function as an amplifier when the condition 1Ro - I > 1RL 1 is 
sa tisfied , otherwise the stability of the tunnel diode negative resista nce will become 
dependent on the external resistance . The parameters of some of the investigated 
Soviet-made tunnel diodes are presented in Table (1). 

Tunnel Diode Dynamic Parameters: 

Two dynamic parameters(Gerasimov et al. 1980, Bruk et al. 1969 and Stree tman 
1980) which are useful in the selection of tunnel diodes for different applications are 
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the resistive cut-off frequency (Fe) and the self resonant frequency (Fr). Their values 
are given when the total series impedance of the tunnel diode equivalent circuit is 
considered . The input impedance of the equivalent circuit of the tunnel diode, at high 
frequency(Bruk et al. 1069) across the terminals «a», «b» is as shown in Fig. (2). 

where: 

Rs: Total series resistance (bulk resistance of the diode plus any contribution due to 
the ohmic contact of the leads). 

Ls: 	 Self inductance of leads, which is effective at high frequencies. It depends upon 
the lead length and the geometry of the diode package. 

CD: 	 Diffusion capacitance at the junction of a forward-biased diode . Its value is 
directly proportional to the diode width and the applied bias voltage . 

The cut-off frequency is the frequency above which the real part of the diode 
impedance is positive . Equating the real part of Equ. 4 to zero, the cut-off frequency 
is obtained (Stupelman and Filaretov 1976). 

1 
Fe = -2-n-C--R-­ (5) 

D	 o 

Table 1. Electrical Characteristics of GaAs Tunnel Diodes. 

Diode Types 
Particulars 

3~ 30lA 3~ 301 0 3~ 30lB 3~ 30Ir 

Peak current, 2 5 5 10 
Ip . rnA at + 25°C 
Minimum I/Iv 8 8 8 8 
Maximum Vp' Volt 0.18 0.18 0.18 0.18 
Vrp, Volt min. 0.65 0.85-1.15 1.0-1.30 min. 0.8 
CD (Max. Total), pF 12 25 25 50 
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Fig_ 2. High - Frequency Equivalent Circuit of Tunnel Diode. 

On the other hand , self-resonant frequency (Fr) of the tunnel diode is the frequency of 
resonance of the inductive reactance and the capacitive reactance and is given by 
equating the imaginary part of Equ . 4 to zero, then : 

1 
Fr = --=-2-rr- C-=-o--:R=--a - 1 .. .... ... .. ............ (6) 


The effective negative resistance (Ra) displayed by a given tunnel diode in a circuit 
depends on the operating frequency (Fa). Its value calculated from the (I-V) 
characteristics by using incremental dc-values, does not consider the shunting effect of 
the inherent capacitane (CD) of the diode. The following equation permits calculation 
of the effective negative resistance at any particular operating frequency(Stupelman 
and Filaretov 1976). 

R-;:;- = Ra / ( 1 + ( 2 rr F Co Ra f) .. ........... .. .. .... ..... (7) 


Experimental Procedures: 

1. Dc-Characteristics 

Seven different types of «GaAs» and «InSb» tunnel diodes namely: 3V1301B, 
AV130lr, Au301A, A 301 f, AV1301o, A~1301 A and Yf were subjected to several 
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tests in order to plot their output characteristics, Tektronics 577-177-Dl storage curve 
tracer, which is a dynamic component tester was used in plotting the (I-V) curves of 
the investigated samples, From these : peak voltage and current, valley voltage and 
current , forward peak voltage and the effective negative resistance can be obtained, 

2, Amplifier Circuit Analysis 

The tunnel diode (Chirlian 1960, Virk 1987) can often be used as the active 
element in a conventional amplifier circuit. Since the tunnel diode is a two-terminal 
device it does not supply the isolation of either the vacuum tube or the transistor. 
Thus special techniques must be used when cascading tunnel-diode amplifiers, For 
convenience , voltage amplification will be discussed although a similar discussion 
could be applied to current-or power-amplificition . 

In order to determine the voltage gain of the circuit amplifier using different tunnel 
diode types, the simple circuit shown in Fig . (3) is presented. The circuit contains two 
inductive coils (Ll>~) connected in such a way to form "n-section" filter , a capacitor 
Ce, and the tunnel diode. The elements L1, ~ and Ce are used to supply direct-bias, 
while RL is the load resistance. , The experimental values of the circuit parameters 
were chosen according to theoretical calculations for obtaining the optimum 
conditions of the voltage gain of the circuit amplifier. They are : Ll = ~= Lc= 25 ~H, 
Cc = WOO pF, and RL = 10 k.ohm. 

L1 

L2 

Fig. 3.A Simple Tunnel-Diode Amplifier, 
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Results and Discussion 

In order to investigate the factors that affect the gain of the tunnel diode amplifier, 
six types of GaAs diodes namely: 3 VI 301 8, A VI 301 r, Au 301 A, A VI 301 r, A VI 
3010 and 3 VI 301 A were subjected to such study. Besides, device material effects was 
also considered applying InSb, tunnel diode type Y r. 

DC -Characteristics 

Fig. (4) illustrates the (I-V) characteristics of two different tunnel diodes. 
Interesting feature of the two curves is the presence of a NDC (Negative­
Differential Conductivity) region in which an increase in the voltage actually leads to a 
decrease in the current. This NDC device can be used either as amplifier or oscillator 
in a wide spectrum of electronic systems. The physical basis (Omar 1975) for 
amplification is due to that, when a signal is applied to a circuit element of a «NDC» 
character, the current produced is opposite to the field. hence energy absorbed from 
the element and the signal field, is amplified. 
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Fig. 4. Characteristics for two Different Tunnel Diode Types . 
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Response Characteristics 

The dependence of the gain on the frequency was plotted at an input signal 
amplitude of 20 mV in the frequencies range from 1 to 10 MHz. Moreover, the 
amplitude characteristics were measured at the frequency of the peak gain. Fig. (5) 
shows the variations of the amplifier gain (A) with the frequency of the input signal 
(F) for the Au301A GaAs sample . It is clear that the gain of the amplifier increases as 
a function of the input frequency, reaching a peak value , then decreases at higher 
frequencies (narrow band amplifier) . Fig. 6 shows the amplitude characteristics for 
the tunnel diode amplifier at the frequency of the peak gain, where a linear 
ralationship between input and output signals, with a correlation coefficient of 
0.99975, was achieved. Plate (1) shows the input-and output-signal for GaAs tunnel 
diode amplifier circuit. 

Effect of Device Parameters 

Both the theoretical and experimental results of the dependence of the amplifier 
gain on the device parameters are shown to be in close agreement. Table (2) illustrates 
the obtained results for the whole investigated samples. The gain of the tunnel diode 
amplifier was shown to increase as a function of its negative- and minimum 
negative-resistance (Rm) values, the extracted power level, peak current, the currents 
ratio, valley voltage, and forward peak voltage. On the other hand, the increase in the 
device valley current value, the V)Vp ratio and voltage swing are shown to cause 
pronounced decrease in the gain value. Such results are in good agreement with the 
theoretical expectations mentioned earlier. 

Plate I. Input-and Output-Signals for «GaAs» Tunnel Diode Amplifier Circuit. (U o = 043 Y, Fo = 

2 3 MHZ, Y I = 20 mY) 
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Uo = 0.42 Volt 
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Table 2. Dependence of the Gain on Device Parameters 

Parameter Direct Inverse Correlation 

VvNP .... . X -0.60 
Iv ..... X -0.51 

Voltage Swing .... . X -0.60 
Ip/Iv X ." .. +0.93 

Power X ... .. + 0.60 
Ip X .. ... +0.65 

- Ro X ..... + 0.50 
Vp X ..... +0.74 
Rm X ... .. +0.73 
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Fig. 5. Gain-Frequency Dependence for the Amplifier Circuit Using Tunnel Diode of the Type Au 301 A . 
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Fig. 6. Amplitude Characteristics for the Amplifier Circuit at the Frequency of the Peak Gain . 

Effect of Device Material 

The effect of the devices material on the amplifier response characteristics were 
obtained theoretically and experimentally for both the diode types Au301 A (GaAs) 
and Yf (InSb), where the obtained results are plotted in Fig's . (7 and 8) and 
summarized in Table (3). The peak gain point of the two devices occur at different 
frequencies. Also, the gain was shown to be with different amplitudes. The gain 
obtained for GaAs samples shows higher value than that value, either measured or 
calculated , for InSb samples. For all the tested samples, the peak gain for GaAs 
devices occur at higher frequency values. The variations in the gain amplitude of 
devices with different material types is attributed to the variation in the peak current 
value, which is a function of the impurity concentration and the junction area, energy 
gap and electrical parameters. 
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Fig. 7. 	Theoretical Results Showing the Effect of the Varying Devices Material on the Gain of the 
Amplifier. 

Table 3. List of Diodes, Physical and Electrical- Characteristics as a Function of their Material. 

Device Material Gain - Ro Rm RRev Eg,eV ~ flp 

M'1301 r GaAs 2.95 19.60 0.029 120 1.340 0.851 0.045 

Yf InSb 2.45 112.3 0.185 135 0.180 8.000 0.070 

Effect 	of Circuit Parameters 

a - Lc and Cc 

Theoretical and experimental investigations were carried out in order to analyze 
the effect of the circuit parameters on tunnel diode amplifier characteristics. The 
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Fig. 8. 	Experimental Results Showing the Effect of the Devices Material on the Gain of the Amplifier 
Circuit. 

values of the circuit capacitor (Cc) and inductor (Lc) were chosen to get the maximum 
gain (Chirlian 1961, Harbourt 1961, Moody 1961). They were calculated at the 
operating input frequency of 1 MHz. Fig. (9) shows the effect of varying the values of 
the circuit parameters (Lc) and (Cc) on the calculated gain at different normalized 
frequency values. It is clear from the figure that the gain is higher (3.4) as (Lc) takes 
the value of 125 ~H, and Ccis 200 pF. On the other hand, the gain is lower as Lc = 2.5 
~H and Cc = 10000 pF . Although the product of (Lc) and (Cc) is constant 
(25 x 10-15

) for all cases , yet the value of the gain, higher or lower , depends on the 
chosen values of circuit elements (Lc) and (Cc). Also, the shape of the calculated gain 
was shown to be function of both (Lc) and (Cc) values. The gain has sharp peaks for 
(Lc) values greater than 50 ~H but less than 250 ~H. On the other hand, the capacitor 
(Cc) has values greater than 100 pF and less than 500 pF. They were so that, because 
of their impedances . The gain has no peaks for (Lc) less than 5 ~H and (Cc) higher 
than 5000 pF. 

The experimental circuit parameters were chosen to have the values of Lc = 25 
~H, Cc = 1000 pF, they were calculated at the operating frequency of 1.0 MHz. The 
resulted gain was shown to be with a value of "1.22" which is in close agreement with 
that theoretically calculated. 
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Fig. 9. Effect of Circuit Parameters (LcoCc) on the Calculated Gain of Tunnel Amplifier Circuit. 

b). Load Resistance 

The theoretical calculations for the optimum condition of the maximum gain of 
circuit amplifier using tunnel diode of the type 3 111 301 B shows that the gain has 
greater value as the load has the value of 10 k.ohm. The gain is greater than unity, and 
less than this value, as (RL ) less than 10 k .ohm (Fig. 10). 

Effect of Shunt Resistor 

As pointed by Chirlian(1960) ,a stable amplifier can be obtained if the tunnel diode 
in the circuit is shunted by a small enough resistance. Let us presume that it was 
originally unstable , this shunting would shift the poles from the right half of the 
complex plane into the left half plane. Thus, for appropriate values of the shunting 
resistances, all the poles will lie in the left half plane and one pair of poles can be as 
close to the (Jw) axis as desired . This produces any desired gain at a given frequencies. 
In addition, the pole location is not the only factor that affects the gain . The zero 
location and the constant mUltiplier must also be considered. 
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Fig. 10. 	 Dependence of the Calculated Gain on the Normalized Frequency (n = wrw*) for Different Load 
Resistor Values. 

The magnitude of the appropriate shunt resistance (ro) values are computed to get 
the maximum gain for the amplifier circuit using tunnel diode of the type 3~301B. 
The theoretical shunt resistance values, adapted to calculations of gain ,appear to be in 
general agreement with those realized in practice. Fig. (11) shows the effect of the 
shunt resistance values on the calculated gain of the circuit amplifier , where resistance 
values range from 0.1 ohm up to 10 ohm were investigated.It is clear from the figure 
that as the shunt resistor (ro) be small enough, less than 1 ohm, the gain will be high . 

http:investigated.It
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Fig. 11. Effect of Shunt Resistor on the Calculated Gain of the Circuit Amplifier. 

Dependence of gain on Operating Conditions 
1 - Dependence on Input Frequency: 

The effect of the operating input frequency (F) on the theoretically calculated gain 
(A) versus the normalized frequnecy (N = w/w*) was studied for GaAs tunnel diode 
amplifier circuit. The study included, as shown in Fig. 12, three values of input 
frequencies: 107

, 108 and 109 Hz, which corresponding to the : medium (short waves), 
high , and very high frequency ranges respectively . It is clear that the gain has a nearly 
constant value which ranges from "1.26" at F: 107 Hz to "1.29" at F: 109 Hz. On the 
other hand , the peak points are shown to be shifted toward lower normalized 
frequency values as the operating input frequency increases. The shape indicates 
function of the dynamic negative resistance ( - R o), the frequency and the resonance 
nature of the circuit (Lc and Cc). The theoretical calculations of the gain as a function 
of the operating frequency are shown to be in good agreement with those results 
obtained experimentally at the same operating conditions. 
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Fig. 12. The Effect of the Operating Input Frequency ([) on the Calculated Gain (A) Versus the Normalized 
Frequency (n = wrw*). 

2 - Dependence on the Operating Bias Voltage: 

Variations in operating bias voltage (Uo ) affect the measured gain of tunnel-diode 
amplifiers. The (Uo ) chosen to be at the middle of the negative dynamic resistance 
region in the volt-ampere characteristic curves plotted at room temperature. So , its 
value will depend on both (Stupelman and Filaretov 1976) the peak and valley voltages 
(Vp and Vv) which in turn depend on the values of Fermi levels in both two regions 
n-and p-type, as shown in Equ's.l and 2. The effect of the operating bias voltage (Uo) 

on the measured gain (A), was investigated for GaAs tunnel diode of the type 
Au301A. The gain is shown to increase linearly with the increase in the applied bias 
voltage (with a correlation coefficient value of 0.96) , as shown in Fig. 13. 

Effect of Normalized Parameters of Tunnel 
Diode on the Calculated Gain: 

Theoretical analysis was extended in order to show the effect of the normalized 
parameters of the devices on the amplifier, in order to obtain the optimum circuit 
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Fig. 13. The Effect of the Operating Bias Voltage (Uo ) on the Measured G ain (A) Using T.D . of the Type 
Au 301 A . 

parameters for a peak gain . The normalized parameters are: M = rJRo and Q = 
CD/Ce . 

1 - Dependence of the Gain on the Parameter M = rc/Ro 

Figuer (14) shows the dependence of the calculated gain on the normalized 
frequency (N = W/W*) for different (M) values, while the rest parameters are kept 
constant, for tunnel diode type Au301A. It is clear from the figure that the calculated 
gain of the circuit amplifier is a function of the normalized parameter (M) , i.e. on both 
the shunt resistor (ro) and the dynamic negative diode resistance (-Ro). It increases 
as (M) increases, i.e. , with decreasing the negative dynamic diode resistance (-Ro) . 
The calculated gains have their peak values at the same normalized frequency point 
(N = 0.02) . 
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Fig.14. 	Dependence of the Calculated Gain on the Normalized Frequency (n = W/w*) for Different "M" 
Values while the Rest Parameters are Constant. 

2 - Dependence of the Gain on the Parameter 0 = CoICe : 

Figuer (15) shows the dependence of the calculated gain on the normalized 
frequency for different values of(Q), while the rest parameters are kept constant, for 
the same tunnel diode type. It is clearly seen that, the gain increases with the 
normalized frequency, reaching a peak point at a certain normalized frequency value, 
then decreases at higher frequency levels. The peak gain has almost the same value of 
"1.29" at different values of (Q). On the other hand, it tends to shift towards the 
higher frequency levels, as the (Q) ratio increase, i.e., as the diode capacitor 
increases. 

From the above results it is clear that, the gain of the tunnel diode circuit is a 
function of both the negative dynamic diode resistance (- Ro) and the shunt diode 
capacitor (CD)' The dependence on the diode capacitor is restricted only on the value 
of the normalized frequency at the peak gain. 
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Fig. 15. Dependence of the Calculated Gain on the Normalized Frequency N = wtw* for Different 
Values of "Q " while the Rest Parameters are Constant. 

Phase Angle, (q;): 

The dependence of the phase angle (cp) of the amplifier circuit on the normalized 
input frequency (N = w/w*) was analyzed using both; GaAs (type Au301A), and 
InSb (type Yr) tunnel diodes . This relation is shown in Fig. (16) for GaAs devices . It 
is clear from the figure that the phase angle (cp) has periodic dependence on the 
normalized frequency and it has values between 0 ° and ± 90° for increasing the 
normalized frequency, This regular changing apply equally well, with the two diode 
types. 

Appendix: Tunnel Diode Amplifier Circuit analysis 

The following program has been constructed by the authors in order to carry out 
the calculations of the effective value of the gain of tunnel diode amplifier circuit, 
frequency response and the phase angle , using different device-and 
operating-parameters. Here follows the definitions of the symbols used in the 
proposed program . 

IP = Ip ; IV = Iv ; VP = V p ; VV = V v ; VFP = VFp 
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Fig. 16. Dependence of the Calculated Phase Angle <II on the Normalized Frequency (n = W /W *) for the 
Amplifier Circuit. 

RL = RL ; RG = Rg; CD = CD; LS = Ls; FI = Fo 
VSW = VFP - Vp; FR = Fr; RD1 = effective resistance; FC Fe; 
RD = shunt resistor ; RM = min. negative resistance 
RNR = negative resistance 

From the circuit shown in Fig. (17) one can obtain: 

Zeq = Zz// ZL .. .... .. . ...... ... ............ .... ........ . .... . ........ . .. .. . ... .. .. .. . .. . .. ... .. . (1) 


I = 11 + 12 ... ... ................. ...... .......... ........... ......... ........ .... ...... .. ........ (2) 


V g = I (Zg + Ze) + (11 - 12) Z 1 .......... ...... ..................... .... .. .. . .. ............... (3) 
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z 
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Fig_ 17. Equivalent Circuit of Tunnel Diode Amplifier. 

From Equ's. (2) and (3) 

1 z' (Zo + Zeq) - (1 1 - 12) ' Z 1= 0 ... ..... ... . .............. ... ..... ........ .. . . .......... (4) 

Vg=II(Zg +Zc+Zl)+12(Zg+Zc -ZI) ..... . .............. . ... ...... .... .. . ...... (5) 

h = (II ' ZI) /(Zo + Zeq + Z I) ....... .. . .. .. ........ ... .... ..... ....... . ..... . .. .. ........ . (6) 

From Equ's. (5) and (6) 


11 = [ Vg • (Zo + Zeq + ZI)] / [(Zq + Zc + Z I) (Zo + Zeq + Zj) + 

Zl(Zg + Zc - ZI)] ......... .... .. ......... .. ..... ... . .. ............. ... ....... . ................ (7) 

12 = [Vg . Zd / [(Zg + Zc + ZI)(Zo + Zeq + ZI) + ZI(Zg + Zc - Zt)] . ...... ....... .. (8) 

Eo = Iz · Zeq = [VgZZeq] / [(Zq + Zc + Z)(Zo + Zeq + Z) + Z(Zg + Zc - Z)] .... . . (9) 

A = EJ V g = [Z .Zeq] / [(Zg + Zc + Z)(Zo + Zeq + Z) + Z(Zg + Zc - Z)] ... . ..... (10) 
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= [Z.Zeq] I [2ZZg + 2ZZc + ZgZo + ZgZeq + ZcZo + ZcZeq + ZZo+ ZZeq] (11) 

= Z2 .Zd I [2Z2Zg + 2Z I Zc + 3ZZgZL + 3ZZ~ZL + ZZo + Z2ZL + ZgZoZ + 
ZcZoZ + ZgZoZL + ZcZoZL + ZZoZL)] ........ ..................... .... ......... ... (12) 

Z = JwLc: impedance of the inductive coil 
Zg = Rg: signal generator impedance 
Zc = lIJwcc ..... .... .. . (13)
ZL 	 = RL 
Zo 	= ro Ro 1((Ro - ro) + JW Co ro Ro) 

= series impedance of the T.D. circuit 

From Equ 's. (12) and (13) : 

A = 	[((I-rJ Ro) + JWCoro)] I [((2RglRd-(2RgrJ RLRo) + (2Coro I 2CoRd + 
(3RgCorJLc) - (3W21 LcCc) + (3rJW2LcCjRo) + (rJ Rd + 1 - (rJRo) ­
(rJW2LcCcRd - (roRglWL~Cc) + J((2WRg CorJ RL) - (2/WCcRL ) + 
(2rJWCcRLRo) - (3RglWLc) - (3CorJWLcCc) + (3RorJ WLcR.o) + (WCoro) 
- (RgrJWLcRo) + (rJW3I3cCc) - (roRo I WLc»] .. .................... ....... ... (14) 

A 	= B + JC I D + JE 
= [(BD + CE) I (D2 + E2)] + J [(CD - BE) I (D2 + E2)] ... ........ ... ... .. ..... (15) 

= ce + J P....... .. ... .... ...... ..... ....... ................ .... ............. ..... ..... (16) 


The effective gain value I A I = Vce2 + pz ........ ........ ........ .. .... ........ ........... (17) 

The phase shift between the output and input signals = (<p), 
where : 

<p + tan- 1 (Pi ce) ........ ... .. .. ... . ............. .. ....... ....... ... ... ... .. ... ......... ... (18) 

For computer programming, we had normalized the terms in Equ. 14 as follows : 

M 	= r 'R . N = W/W *' X = R IR . Q = C IC . 0' 	 0' 'g L, D c, 

Corresponding to the parameters of the diode type Au301A and the parameters of the 
amplifier circuit; ro = 1 ohm; Rg = 75 ohm and RL = 10 K. ohm 
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10 REM PROG TD 
20 OPTION BASE 1 
30 L = 8E-09 
50 IP = 1.705 
60 LC = .0005 
70 CC = 5E-ll 
80 LPRINT"LC = ":LC:".CC 
90 VP = .24 
100 IV = .04 
110 VV = .6 
120 CD = 1.2E-11 
140 VFP= 1.13 
150 LPRINT'IP = ":IP:"VP = 

:"IV = ": IV:":VV = VV 
170 LPRINT" CD = CD ":L 
190 INPUT N 
200 RD = 1 
210 RL = l0000! 
220 FI = 10000000 * 
230 LPRINT "FI = ":FI 
240 RG = 75 
250 CD = 1.2E-ll 
260 LPRlNT'RD = ":RD:"RL 

= ":CC 

":VP 

= ":L 

= " 
:RL:"FI = ":FI 

270 LPRINT'CD = ":CD 
280 PI = 3.14159 
290 R = VVNP 
300 LPRINT'V ALLEY TO PEAK 

VOLTAGE RATIO = ": R 
320 RX = IP/IV 
330 LPRINT'PEAK TO V ALLEY 

CURRENT RATIO ~ ": RX 
340 RM = (2) * (VP/IP) 
350 LPRINT'MIN. NEGATIVE 

RESISTANCE = ": RM 
370 VSW = VFP - VP 
380 LPRlNT'VOLTAGE SWING 

= ": VSW: "VOLT" 
390 PR = (.12) * (VV-VP) * 

(IP- IV) 
400 LPRINT"POWER = ":PR:"WA1T' 
420 RNR = (200)/(IP) 
430 LPRINT'NEGATIVE RESISTANCE = ": RNR 

450 A = 
460 BA 
470 CA 
480 DA 
490 DAI 

(CD) .. (RNR).(RNR) 
= (A)-(L) 
= (BA)/(L) 
= SOR (CA) 
= (DA)/((2)*(PI) *(CD)*(RNR)) 
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500 FS = DA1 
510 LPRINT'SELF RESONANT 

FREQUENCY = ": FS: "HZ" 
530 EA = RNR - RD 
540 FA = ENRD 
550 GA = SOR (FA) 

560 
570 

HA = (2) * (PI) * (CD) * (RNR) 
FR = (1/HA) * (GA) 

580 LPRINT"RESISTIVE CUT OFF 
FREOUENCY = ":FR:"HZ" 

600 JA = «2) * (PI) * (FI) * (CD)* (RNR)) A (2) 

610 KA = JA + 1 
620 RDI = RNR/(KA) 
630 LPRINT'EFFECfIVE RESISTANCE = ": RDI 

640 Y = RDl /RL 
650 M = RD/RDI 
660 S = (LC)/(CC* (RL A 2)) 
670 W = (2) * (PI) * (FI) 
680 WI = (l) /«CD) * (RDI) 

690 Q = CD/CC 
700 LPRINT "Q = ": Q 

710 X = RG/RL 
720 LPRINT"Y = ":Y:"M = ": M: X = ":X 
740 S = (LC)/(CC * (RL . 2)) 
750 P = RD/RL 

760 
770 

B = 1-(M) 
C = (N) * (M) 

780 A7 = lIN 
790 Al = 3* X* Q * PIS 
800 LPRINT'W = ":W:"W1 = ": Wl 

:"N = ":N:"Q = ": Q 
810 LPRINT'S = ": S: "P = ": P "B": B:"C = ": C 

830 A3 = 3*M*(Q) A (2)*(Y) A (2)/S 
840 A4 = 3*(Q) A (2)*(Y) A (2)/S 
850 A5 = P*(Q) A (2)*(Y) A (2) /S 
860 A6 = (P) *X*(Q) A(2)*(Y) A(2) 
870 A2 = 1I«N) A (3)) 

880 D = N*(A7*(1-M + P + (2*X) - (2*X*M) 

+ (2*Q*P) + AI) + A2*(A3-A4-A5-A6) 

890 Bl = M + «2)*(M)*(X)) 
900 B2 = l/«N) A 2) 
910 B3 = «3)*(X)*(Q)*(Y))/(S) 
920 B4 = «3)*(X)*(M)*(Q) *(Y))/(S) 
940 LPRINT'D = ": D 

960 B5 = «3)* «Q) A (2))* 
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970 
980 
990 
1000 

(P) * (Y»/(S) 
86 = «X) * (P) * (0) * (Y»/(S) 
87 = «P)*(O)*(Y»/«S) 
88 = lI«N) A 4) 
89 = (P)*«O) A (3»* «Y) A (3»/«S) A 2) 

1010 E = N*(81 + 82*«2)*(P)*(0) -
(2)*(0)*(Y) - 83 + 84 - 85 - 86 - 87) + (8) 

1020 
1030 
1040 
1050 
1070 

Xl = «M) A (2» + «2)*«M) A (2))*(X)) 
Cl = (4)*(X)*(M) 
C2 = (2)*(P)*(0) 
C3 = (2)*(X)*«M) A (2» 
LPRINT'E = ":E 

1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 

1200 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 

C4 = (P)*(M) 
C5 = (2)*(0)*(Y)*(M) 
C6 = (3*X*0*P)I(S) 
C7 = (3*X*0*P*M)/(S) 
C8 = (3*X*0*Y*M)/(S) 
C9 = (3*X*(M A 2)*0*Y)/(S) 
01 = (3*(0) A (2)*P*Y*M)/(S) 
02 = (X*P*O*Y*M)/(S) 
03 = (P*O*Y*M)/(S) 
K = 1 - 2*M + (M)A(2) - C + 2*X + C2 

+ P + C3 - C4 - C5 + C6 - C7 - C8 + 
(C9) - (01) - (02) - (03) 

04 = 6* M*(O) A (2)*(Y) A(2)/S 
LPRINT' 
05 = 3*(0) A (2)*(Y) A (2)/S 
06 = P* (0) A (2)*(y)A(y) A S 
07 = 3*(M) A (2)*(0) A(2)*(Y) A (2)/S 
08 = P*(O) '" (2)*(Y) A (2)*MJS 
09 = p*X*(O) A (2)*(Y) A (2)*MJS 
El = P*X*(O) A(2)*(Y) A (2)/(S) A (2) 
E2 = P*(O) A(3)*(Y) A (3)*MJ(S) A (2) 

1300 Z = 04 - 05 - 06 - 07 + 08 + 09 - El + E2 

1310 
1320 

E3 = (M)*(P) 
LPRINT'05 = ":05:" 06 :"06 = ":07 = ":07:"08 = ":08 

1330 LPRINT'09 = ":D9:"El = :''El:''E2 = ":E2:"E3 = ":E3 

1350 
1370 
1380 
1400 
1420 

LPRINT'Z = ":Z 
E4 = (2)*(0)*(P)*(M) 
E5 = (3)*(X)*(P)*(0)*(M)/(S) 
Ll = E3 + E4 + E5 
E6 = (2)*(0)*(Y) 
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1430 E7 = 2*P*Q 
1440 E8 = 2*Q*Y*M 
1450 E9 = 2*P*Q*M 
1460 FI = 3*(Q) A (2)*(Y) A (2)*MfS 
1470 F2 = 3*(M) A (2)*(Q) A (2)*(Y) A (2)/S 
]480 F3 = P*(Q) A (2)*(Y) A (2)*MfS 
]490 F4 = P*X*(Q)A(2)*(Y)A(2)*Mf(S)A(2) 
1500 F5 = 3*X*Q*Y/S 
15]0 F6 = 6*M*X*Q*Y/S 
1520 F7 = 3*(Q) A (2)*P*Y/S 
1530 F8 = X*P*Q*Y/S 
1540 F9 = P*Q*Y/S 
1550 GI = 3*X*(M) A (2)*Q*Y/S 
1560 G2 = 3*(Q) A (2)*P*Y*MfS 
1570 G3 = X*P*Q*Y*MfS 
1580 G4 = P*Q*Y*MfS 
1590 02 = E6 - E7 - E8 + E9 - FI + F2 - F3 

- F4 + F5 - F6 + F7 + F8 + F9 + G] -
G2 - G3 - G4 

1600 G5 = P*(Q) A (3)*(Y) A (3)*Mf(S) A (2) 
1610 G6 = P*(Q) A (3)*(Y) A (3) I(S) A (2) 
1620 GAMMA = (G5) - (G6) 
1630 ALFI = «B)*(D» + «C)*(E» 
1640 BETI = «C)*(D» - «B)*(E») 
1650 DEM = «D) A (2») - «E) A (2» 
1660 DEMI = lI(DEM) 
1670 GAIN = DEMl*SOR( (ALF1) A (2) + (BET!) A (2» 

1680 LPRINT'ALF1 ":ALFl:"BETl 
":BET1:"DEM = ":DEM 

1690 VI = «N) A (2» 
1700 V2 = Xl 
1710 V3 = KI(N A (2» 
1720 V4 = ZJ(N A (4» 
1730 ALF2 = (V1)*(V2 + V3 + V4) 
1740 BET2 = (V5)*(V6 + V7 + V8) 
1750 LPRINT'ALF2 = ":ALF2 
1760 V5 = N 
1770 V6 = L1 
1780 V7 = D21(N A (2» 
1790 V8 = GAMMN(N A (4» 
1800 BET2 = (V5)*(V6 + V7 + V8) 
1810 GAIN = SOR«ALF2) A (2) + (BET2) A (2» *DEMI 

1820 LPRINT"GAIN = ":GA1N 
1830 LPRINT'BET2 = ":BET2 
1840 FAI = (ATN(ALF2IBET2»/(3.141180) 
1850 LPRINT' FAI = ":FAI 
1860 END 
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Conclusions 

In the present work a computer program is developed for easy use for investigating 
the effects of various physical parameters and circuit elements on tunnel device circuit 
as an amplifier . From the study, analysis , experimental and theoretical results 
obtained , following conclusions can be deduced: 

- The gain of circuit ampht'ier exceeds unity. 

- The gain increases with the frequency, reaching a peak at certain value of the 
frequency, then it decreases, at higher frequencies , down to a constant plateau 
value . 

- The peak gain of the tunnel amplifier depends on: 

a. Device physical parameters (CD, - Ro and device material). 
b. Circuit parameters (Lc, Cc , R L , ro) . 
c. Operating conditions (Uo, Fo) . 

- The shape of the gain-frequency dependence is a function of the dynamic negative 
resistance ( - R), frequency, and the resonance nature of the circuit (Le> Cc). 

- The amplitude characteristics of the circuit amplifier, measured at peak frequency, 
is linear. 
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