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A Frequency Modulator with Gain for a Space Array*

E. M. RUTZ-PHILIPP ~, SENIOR MEMBER, IEEE AND E. KRAMER~, MEMBER, IEEE

Summary-An active microwave frequency modulator is de-

scribed which has been devised for a retrodirective space array. In

this modulator one tunnel diode simultaneously functions as ampli-

fier, frequency translator, and frequency modulator. The modulator

is an image frequency converter with a local oscillator signal injected
into the modulator circuit. The frequency of the image signal is
modulated by varying the frequency of the local oscillator.

The image frequency is the difference between the second har-
monic of the local oscillator and the signal frequency. The frequency
deviation of the image frequency signal is twice the frequency devia-

tion of the local oscillator signal.

Since the image frequency signal is the lower modulation side-

band, its phase is inverted in reference to the phase of the incoming

signal. The retrodirective characteristic of the modulated space an-

tenna is realized by the phase inversion property of the modulator.

Each array element is terminated with one modulator, and the local
oscillator signals that are directed to the modulators must be of equal
phase. No nonreciprocal device is required to separate incoming and

reradiated signals in the antenna array.
In order to determine the optimum operating conditions the

analysis of the image frequency converter was derived and an ex-
perimental model was tested at z Gc. Amplification of the image fre-

quency signal over the incoming signal of 27 db was obtained, The

local oscillator power required by one modulator is 10 pw; the dc bias

power is less than 100 pw,

INTRODUCTION

.A

NOVEL tunnel diode frequency modulator has

been devised for a modulated retrodirective

array. One application of such an array is

in a space telemetry or communications system. In this

type system an array on a satellite would receive a

Imicrowave CW signal from a ground transmitter and

then amplify, translate in frequency and modulate the

signal, and finally reradiate the modulated, translated,

amplified signal back to a ground receiver station. Sev-

eral papers have been published recently which describe

modulated retrodirective antennasl and communica-

tion sYstemsz,8 based on this approach and the authors

described a varactor diode modulator for such an array

in an earlier paper.4 The present tunnel diode modulator,

with its amplification and translation properties, offers

improved performance and is more flexible in systems

operation than the modulation methods discussed in the

above references.
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The space reflector array operating in the communi-

cation system has the symmetry properties of reradiat-

ing a signal in the direction from which it had arrived.

To improve the signal-to-noise performance of the im-

proved system over the one previously reported, the

modulators in the space antenna should be active

devices and exhibit gain, and wide-band frequency mod-

ulation should be used instead of amplitude modulation.

The use of modulators with amplification G. in a retro-

directive array permits reduction of the number of array

elements by ~~. over what would be required if non-

amplifying modulators were used. Translation fre-

quency of the reradiated signal mitigates the difficult

problem of separating the received signal from the

transmitted signal at the ground station of the space

communication system.

For a satellite system it is important to keep the

power consumption of the modulators to a minimum.

Inherently, a modulator with gain requires more total

drive power than a passive modulator, but in many

applications some increase in power consumption is a

reasonable price to pay for antenna size reduction. It

still will be important to keep the power consumption of

the modulator to a minimum. Also, in a satellite system

the amplifying modulator should not require a non-

reciprocal device for operation in the array, since such

a device would appreciably increase the antenna’s

weight.

A frequency modulator of conventional design varies

the frequency of an oscillator by changing the resonant

frequency of the oscillator’s tuned circuit. To vary the

frequency of a signal generated in an inaccessible oscil-

lator, a frequency conversion process is required in

which the converted frequency should be in the same

frequency band as the unmodulated signal.

The frequency modulator with gain is shown sche-

matically in Fig. 1. It is a tunnel diode image frequency

converter with a local oscillator signal injected into the

modulator circuit. In the tunnel diode modulator circuit

the incoming signal at j, and the local oscillator signal at

~M are multiplied in the nonlinear element. The modu-

lator circuit is designed to amplify the image frequency

signal whose frequency is the difference between the sec-

ond harmonic of the local oscillator and the signal fre-

quency;5,0’T i.e., 2f~o –f.. This image frequency signal

6 H. C. Torrey and C. A. Whitmer, ‘(Crystal Rectifiers, ” Mc-
Graw Hill Book Company, Inc., New York, N. Y., p. 113; 1948.

c R. A. Pucel, “Theory of the Esaki diode frequency converter, ”
Solid-State Elect~on,, vol. 3, pp. 167-207; 1961.

7 P. L. Fleming, “Pumped tunnel diode frequency converters
with idlers, ” PGMTT 1963 Nat’1 Syrnp., Santa Monica, Calif., pp.
129-135.
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Fig. l—Schematic of tunnel diode frequency modulator with gain.

is the lower modulation sideband; therefore its phase

is inverted in reference to the phase of the incoming

signal.

The image signal frequency is modulated by varying

the frequency of the local oscillator. One diode functions

simultaneously as amplifier, and frequency translator

and modulator. The modulator is designed to operate

with very low power; the required local oscillator power

is 10 pw, and the dc power is less than 100 pw. No non-

reciprocal device is required for its operation.

In this tunnel diode modulator, not only will the

image frequency signal be amplified but the incoming

signal ~, will be amplified also. Its phase will not be in-

verted, and it will not be modulated.

CHARACTERISTICS OF SPACE ARRAY WITH

TCTNNEL DIODE MODULATOR

]n the retrodirective array that operates with the

tunnel diode image frecluency converter, the phase rela-

tion requirement for retrodirective operation is ob-

tained by the phase inversion which results when the

incoming signal is converted to the lower modulation

sideband. The inversion of phase in the modulators will

effectively advance the phase of the reradiated wave at

the image frequency at an array element where the

phase of the incoming wave at the signal frequency had

been delayed and vice versa. Because of the phase inver-

sion in the modulators, the retrodirective characteristic

of the array is not restricted to planar arrays. It can be

obtained in curved arrays as well without requiring any

phase compensation, and no phase error will be intro-

duced over the wide angle range of operation.

In the modulated array each array element is terrrli-

nated by one modulator (see Fig. 2). Iio interconnec-

tions between array elements are required; the trans-

mission lines which direct the local oscillator signal to

the individual modulators must, however, be of equal

length. NO nonreciprocal device is required to separate

incoming from outgoing signals, since both signals pass

through the same arra~- element.

In the array, the difference in frequency between sig-

nal and image frequency will result in a deviation of the

phase front of the reradiated image frequency signal

from the wavefront of the incoming signal, as shown in

Modulator with Gain
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Fig. 2—Space array with image frequency converters showing re-
direction of incoming wavefrorr$ by means of the frequency trans-
lation of the image frequency signal (ZOLO–co, > w).

Fig, 2. The relation between the angle of the wavefront

of the incoming signal 0, and the angle of the wavefront

of the reradiated image frequency signal 19~~is given by

sin 0, 2jL0 – j,
.

fs ‘

(1)
sin d,~

where 0, and 0~~ are the angles between the Poynting

vector and the normal to the antenna. For a small dif-

ference in frequency between signal and image, the

change in direction of the reradiated wave can be

neglected.

However, there are certain system applications where

reradiation in a direction which differs lby a predeter-

mined angle from the direction of the incoming wave is

desirable. A space communication sys tern operating

with image frequency converters in the space antenna

will be capable of directing the wave rer~diated by the

space antenna to different receiver stations. Since the

translation frequency of the tunnel diode converter can

be varied by changing either the signal frequency or the

local oscillator frequency, the reradiated wave can be

directed to a different receiver station by simply adjust-

ing the frequency of the ground transmitter station.

This assumes, however, either a synchronous satellite,

or it requires tracking of the satellite orbit with the

transmitter frequent y. The capability of redirecting the

reradiated wavefront is fairly independent of the atti-

tude of the space antenna for operation II ot too far from

broadside (O ~ 30°) where the sine of the angle in (1)

can be approximated by the angle.

In addition to the image frequency :signal which is

reradiated by the space array w-ith tunnel diode modul-

ators, the incoming signal and the local oscillator signal

can also be reradiated. While the incoming signal is

amplified in the modulator circuit, it wi[l not be modul-

ated, and therefore, will not carry information. The
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phase of the signal when being amplified in the modula-

tors will not be inverted. Consequently the wave at the

signal frequency will not be reradiated in the direction

of the g-round transmitter. For the signal frequency the

space antenna functions as a mirror with gain and not as

a retrodirective array.

The reradiated local oscillator signal will always form

a beam broadside to the array; the local oscillator will

carry information. The reradiation of the local oscillator

can be suppressed simply by adding to each array ele-

ment a circuit which diplexes by means of filters.

IMAGE FREQLTENCY CONVERTER

The performance characteristics of the space array

with tunnel diode image frequency converters are deriv-

able just from theoretical considerations. It still remains

to prove that the tunnel diode converter can be oper-

ated with very low local oscillator power and very low

dc bias power. In order to determine these optimum

operation conditions, the analysis of the tunnel diode

frequency converter is derived, and experimental con-

firmation is given.

The image frequency converter can be analyzed by

the conventional method which assumes that the signal

power is small in comparison to the local oscillator

power. The three-terminal pair linear equivalent cir-

cuit which was derived by Peterson and Hussey8 is

used. While this equivalent circuit was derived for a

passive circuit, it can also represent the active tunnel

diode converter. Though the same equivalent circuit is

used, the passive and active devices are analyzed quite

differently.

The three-terminal pair network will be reduced to a

network having only two pairs of terminals by connect-

ing a fixed admittance (g,) to the third terminal pair.

The Y matrix for the equivalent circuit for the signal-

to-image frequency converter is given by

glq g12

go–— g2– —

gO + gi go + g%

(2)
glz glz ‘

~2 – ——
go–—————

go + gi go + g;

where g, is the average value of the nonlinear tunnel

diode conductance, gl and g2 are the fundamental and

the second harmonic conversion conductance. They

are the Fourier coefficients of the series which is given by

p(t) = go + gl COSCdLOt + gz COS hd + . . 0 . (3)

For the first approximation, the reactive elements in

the tunnel diode equivalent circuit are not considered.

This is permissible at a single frequency, where all the

reactive circuit elements are tuned out.

s E. Peterson and L. W. Hussey, “Equivalent modulator circuits, ”
Bell Sys. Tech. J., vol. 18, pp. 32-48; January, 1939.

In the modulator circuit the image frequency signal

is generated by two different processes. In the first, the

image frequency signal is generated by the beat between

the second harmonic of the local oscillator frequency

and the incoming signal. For this modulation process

the transfer from the voltage at the signal frequency to

the current at the image frequency is proportional to

the second harmonic conversion conductance gz. In the

second, the image frequency signal is generated by an

indirect path. The IF signal, which is produced by the

beat between the fundamental of the local oscillator

and the incoming signal, in turn produces a voltage at

the image frequency in a beat between the fundamental

of the local oscillator and the IF signal. For this modu-

lation process the transfer from the voltage of the signal

frequency to the current at the image frequency is pro-

portional to the square of the fundamental conversion

conductance gl.

The e-i characteristic of a tunnel diode is not a mono-

tonic function; the conductance parameters go, gl, and

g~ will therefore vary over a large range in magnitude

and can change sign depending on bias point and local

oscillator power. Thus, depending on the operating

points, the-tunnel diode image frequency converter will

function either as a passive or active device, It will be

an active device when it meets one of the general ac-

tivity conditions. g Such conditions for the image fre-

quency converter are given by

glz

go–— <0

gO + gi

( )(g12 2

)

gl~ 2

go–— < g!?—— # o. (4)
go + g, go + g%

The activity conditions depend entirely on the diode’s

equivalent circuit parameters and the diode’s param-

eters in reference to the third terminal pair termina-

tion. The tunnel diode image frequency converter will

become an active device for different operating ranges.

The requirements for activity are that either g, be nega-

tive or, for positive go, that either g12 be larger than

g,(gfl+g,) or that g~ be larger than go. (The activity con-

ditions of (4) contains the assumption that, at no point

the negative go can become larger than the negative gz.

This assumption is always valid for the tunnel diode

characteristic.)

When g, is negative, the incoming signal effectively

becomes amplified first and then converted (when gl

or g? are not zero). When glz is larger than go(go+g, ),

the amplified signal at the image frequency will result

primarily from the conversion to the IF frequent y sig-

nal by the beat between local oscillator and signal,

which in turn generates the image frequency signal by

beating the IF signal with the local oscillator. When gi

g E. F. Bolinder, V3urvev of some properties of linear networks, ”
Hl? TRANS. ON CIRCUIT THEORY, vol. CT-4, pp. 70–78; September,
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is larger than go, the image frequency signal is generated

primarily by the beat between the second harmonic of

the local oscillator and the incoming signal.

An examination of a typical e-i characteristic of tun-

nel diodes indicates that go is negative when the operat-

ing point lies on the e-i characteristic between the cur-

rent maximum and minimum, glz will be larger than

go(go+g,) for operating points close to the current maxi-

mum and minimum on the e-i curve. Both of the fore-

going activity conditions can be realized with small local

oscillator powers. In order to realize the third activity

condition, which requires that g~ > go, a comparatively

large amount of local oscillator power is required,l” in

which case the diode is driven into the reverse bias

voltage region .11

In determining the best operating point for an image

frequency converter for the retrodirective antenna, it is

not only important to minimize the injected local oscil-

lator power, but the dynamic range of operation has to

be considered as well. It is the upper limit of the dynamic

range that is of interest for the modulator, i.e., the larg-

est signal at the image frequency which can be obtained

from the tunnel diode converter for constant injected

local oscillator power. In the modulator circuit the

upper limit of the dynamic range is determined by the

effective local oscillator power. In the bias range where

go is positive, the effective local oscillator signal will be

equal to the injected signal, but in the bias range where

go is negative, the injected local oscillator signal becomes

amplified. The effective local oscillator signal can there-

fore become much higher than the injected LO signal.

Therefore, when go is negative the dynamic range of the

modulator will be increased in proportion to the ampli-

fication of the local oscillator signal.

In an antenna in which a more limited dynamic range

is acceptable, the tunnel diode can be operated where

g, is positive and g12>go(gO+g,).

COiW~RSION GAIN

The conversion gain at the image

shown to be :lZ

4~agk..

frequency can be

elements of the .4 matrix which can be derived from the

Y matrix of (2). g. is the input conductance at the sig-

nal frequency and g~ is the terminating conductance at

the image frequency.

The conversion gain of the image frequency converter

can be made arbitrarily large, and will approach in-

finity, as g,. (which is negative in the active device)

approaches ga. To keep the modulator from becoming

an oscillator it is required, therefore, that gi. remain

always smaller than the input admittance g.. The pa-

rameters for meeting the stability conditions can be

derived from (2) and (5).

The tunnel diode modulator will be stable when the

three following conditions are met:

g,’

go – ——-+ga>o

go + gi

go – &+gk>o

(

X-+ga
)(

g12
go – go–— + gk

go + g, go + g< )

( )glg 2

> g2 – –—- (6)
go + gi “

In the tunnel diode modulator the incoming wave

will be amplified as well. The amplification of the incom-

ing wave is given by

()~=ga—gin2
—.

s

g. + gln “
(7)

From (5) and (7) follows

[

~ = $LZ(A + ~gk) – (c + Dgk) ‘1 (8)
(.4 + ‘$%)(% + giu) “

Since the gain of the incoming wave in the modulator

circuit will approach infinity, as gin approaches go, the

stability conditions of (6), which were derived for the

(c) image frequency converter, are valid for the incoming

where

C i- Dg,:
gin. ———

.4+ Bg~

and 1/.4 +Bgk is the voltage transfer function from the

input terminals of the equivalent circuit of the modu-

lator to the load admittance. .4, B, C and D are the

10 B. chri~ten~en, “hfeasurement of tunnel diode conductance
parameters, ” PROC. IRE, vol. 49, p. 1581; October, 1961.

11Fleming, op. cit;l p. 131.
12G. L. Ragan, L’ficrowave Transmission Circuits, ” iMcGraw-

Hill Book Company, Inc., New York, N. Y., pp. 549-550, eqs. (38)
and (42); 1948.

wave as well.

FREQUENH M ODITLATION

In the tunnel diode converter frequency modulation

of the image frequency signal is accomplished by modu-

lating the frequency of the local oscillator signal in-

jected into the tunnel diode circuit. (In the retrodirec-

tive array the local oscillator signal is generated in a

microwave oscillator. Conventional methods can be

used to frequency

The frequency

given by

eLo =

modulate the local oscillator signal.)

modulated local oscillator signal is

(9)
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where A is the peak amplitude, Af is the frequency

deviation and f~ is the modulating frequency. In

the tunnel diode converter the incoming signal at

frequency ~~ and peak amplitude S, which is given by

e, =J cos (co,t+I.$), is multiplied with the local oscillator

signal. The resulting frequency modulated image fre-

quency signal is given by

[
e2fL0 – f. = B cos (z@L. – w)t + ~sin cold– +1(lo)

where B is the resulting peak amplitude. The frequency

deviation of the frequency modulated image frequency

signal is spread to twice the deviation of the local oscil-

lator. The phase of the image frequency signal is in-

verted with respect to the phase of the incoming signal.

The linearity of frequency modulation is determined

by the bandwidth characteristics of the modulator cir-

cuit. Though the reactance in the equivalent circuit of

the tunnel diode, when deriving the conversion gain,

were not considered, they must be taken into account

when the FIM characteristic is determined.

The modulator actually is terminated at the RF and

IF terminals by resonant circuits. At the RF terminals

an external shunt inductance was added to tune out the

diode’s capacitance. At the IF terminals the RF by-pass

must be a conventional short-circuited half-wave trans-

mission line; the other circuit elements separate RF, IF

and dc voltages.

In the converter the bandwidth characteristics of the

resonant circuits at the RF and IF terminals are inter-

related as follows: the RF circuit must pass the incom-

ing signal and the frequency modulated image fre-

quency signal whose FM bandwidth is twice the FM

bandwidth of the local oscillator signal. Its bandwidth

must be at Ieast 2(~~o —j,) +2Aj_. Therefore, the require-

ment for the loaded Q of the RF circuit is given by

Q,., = —
fLO

z(f~o –f,) + 2Af “
(11)

The bandwidth of the FM spectrum at the IF frequency

is the same as the bandwidth of the FM spectrum of the

local oscillator. In the image frequency converter,

where the I F voltage is reflected :it the I F termination,

the bandwidth of the resonant circuit at the IF termi-

nals must be as wide as the bandwidth of the FM spec-

trum. The requirement for the loaded Q of the IF reso-

nant circuit, therefore, is given by

f.” – f.
Q,,, = 2Af “ (12)

The relation between the Q’s of the RF and IF circuit

can be derived from (11) and (12), It is given by

(j.. – f,) [z(f~o – fs) + 2Af] . ~13)
Q,,, = Q,EF

2fLoAf

In the tunnel diode modulator the loaded Q of the

RF circuit as a function of the circuit elements is

given by

@LOCD

Q,R. =
g. + gi.~~ ‘

(14)

where CD is the diode’s effective capacitance, g. is the

admittance of the input line and ginRF is the admittance

which the modulator represents to the RF signals; it is

given by (5). The loaded Q at the IF terminals as a func-

tion of the equivalent elements is given by

(~LO – W)CC

Q,,, = >

gi + gi.~r

(15)

where Cc is the effective capacitance in the resonant

circuit at the IF terminals, g, is the conductance termi-

nating the IF termmals and ginlF is the admittance

which the modulator represents to the IF signal; it is

given by

C’ + A’ga

ginlF =
D’ + B’ga ‘

(16)

where .4’, B’, C’, and D’ are the elements of the A

matrix representing the signal to IF converter. All the

parameters of (14) and (15) are given by the equivalent

circuit elements of the modulator and the operating

point on the diode’s e-i characteristic with the exception

of Cc in (15). From (13) follows that for the first ap-

proximation, the ratio of QtrF to QL~~ is proportional

to the ratio of the IF frequency to the RF frequency.

Since the QllF in (15) is proportional to the IF frequent y

and Q~~~ in (14) is proportional to the RF frequency

(while their denominators are of the same magnitude),

Cc should be approximately equal to CD. Cc, therefore,

cannot exceed several pf. This can be accomplished by

making the RF by-pass in the Il? circuit of the con-

verter a short circuited half-wave transmission line of

comparatively low characteristic admittance.

~/IE~~tTR~~ C~ARA4~~ERI~~~~~

An experimental model of a tunnel diode modulator

was tested at S-band frequencies. The experimental set-

up is shown in Fig, 3. Instead of separating the incom-

ing signal from the reflected signal and image signal

with a circulator, they were separately measured by

means of directional couplers and a balanced super-

heterodyne mixer. The signal and image frequency

terminals are not separated; they are terminated by an

admittance ga = g), = 8 X 10–3(1/ohm). The terminating

admittance of the IF terminals g,= 3.7X 10–s(l/ohm).

The frequency of the incoming signal is 2 Gc and of the

image signal is 2.020 Gc.

Fig. 4 shows the gain characteristics of the image fre-

quency converter as a function of dc bias. The injected

local oscillator power was – 20 dbm. The gain of the

image frequency signal shows two maxima; the gain at

the first maximum is 27 db, at the second maximum is



Y963 Rufz-Philipp and Kramer: Frequency Modulator with Gain 425

LOCAL
Osc.

LL

SIGNAL w f~ -J fLo 2fLo-f~ —

f~ —
— f~

f~~ —
— fLrJ

-’

Fig. 3—Measurement setup-tunnel diode image frequency converter.

30 1
11

AA

OPERATING CONDITIONS

? IMAGE SIGNAL LOCAL OSC INPUT. ’20 dbm
SIGNAL INPUT= -70 dbm

20 - ; :/AMpLIFIED slGNAL , LOCAL OSC FREQ, = 2,010Gc
SIGNAL FREQ = 2 OOQGC

/1 / I F cONDUCTANCE (q,)=

10 -; !,
\

/’ \ 37xlo.3-L-
, ohm

‘k. .+..’” .
‘\

R F CONO,(gOl AND IMAGE
Zi f ,.....,. ,- ,.* ~lo-3&

z;\ Y/\

MEASURED

IMAGE — (2f, o-f. )

: ow----.---.\-0-:-:::-:-:--------+--r---\---:-~-<4 ““N” ‘Sk‘“’

-mL \ / INPUT SIGNAL \ I AMPLIF ‘-r.-, I.

1
w

\ +4
SIGNAL ------- ,7s)

yg&-------------4f J

-20 CALCULATE

IMAGE 0
. ..-. .- . . .

IAL AI Alnlrur, a,”.

-301 1 1 I 1 I 1 1 I 1 I ,
60 60 100120 MO 160 180200220240 2602S0 300

EB-D. C SGAS (mV)
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frequency converter.

21 db. Correlating these maxima with the e-i curve of

the tunnel diode (Fig. 5) indicates that one gain maxi-

mum is close to the dc current maximum and the other

is close to the dc current minimum. At these operating

points g12 >gO(gO+gJ and go is positive. The dc power

requmed to bias the tunnel diode to the current maxi-

mum is 80 pw and to the current minimum 50 pw.

The gain of the image frequency converter was calcu-

lated for several bias points for which the conductance

parameters go, gl, and gz had been derived from the e-i

curve. (The calculated values are marked in Fig. 4.)

There is good correlation between measured and calcu-

lated values.

Fig. 6 shows a presentation in the frequency domain

taken with a spectrum analyzer of the characteristics

of the image frequency converter for a fixed dc bias.

Fig. 6(a) gives the incoming signal and the local oscil-

lator signal which are directed to the modulator circuit,

and Fig. 6(b) shows the amplified signals at the image

frequency and at the signal frequency which had been

generated in the converter.

The dynamic range of the tunnel diode image fre-

quency converter was measured for different bias

points in the bias range where go is positive. The results

are shown in Fig. 7. In this bias range the local oscillator

signal does not become amplified and the dynamic

range of the tunnel diode converter is quite limited.

01 ‘, , I
o 40 80 120 160 200 240 280 320

EB-DC BIAS (MILLIVOLTS)

Fig. S—e-i characteristics of the tunnel diode used in the image
frequency converter (GE 1N3218.4).
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Fig. 6—RF Spectra—Tunnel diode image frequency converter.
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Fig. 7—Dynamic range of image signal-—tunnel diode
image frequency converter.
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Fig. 8—Gain characteristics of local oscillator signal—
tunnel diode image frequency converter.

When the injected local oscillator power is – 18 dbm,

the maximum power obtainable at the image frequency

is — 32 dbm. The dynamic range of the tunnel diode

converter could be increased without increasing the

injected local oscillator power by operating in a bias

range where g,) is negative. In that case, the local oscil-

lator signal becomes amplified and the effective local

oscillator of the converter is the amplified local oscil-

lator power, Measurements were not, however, made to

confirm this increase in dynamic range, since in the bias

range where go becomes negative the input admittance

of the tunnel diode converter becomes greatly different

from the admittance of the input line.

The only measurement which could be made for

negative go is the gain of the local oscillator signal vs

dc bias. In Fig. 8 the amplified LO signal is compared to

the incoming LO signal. The maximum LO signal gain

is 6 db at 160 mv dc bias.

It is interesting to compare the characteristics of the

amplified image frequency signals in Fig. 4 with the

amplified local oscillator signal in Fig. 8. The amplified

image frequency signal follows the small signal con-

verter analysis where gain can be obtained when go is

positive, while for the large local oscillator, signal

amplification can be obtained only when go is negative.

Finally, in Fig. 9 the FM characteristics of the tun-

nel diode converter are shown. Fig. 9(a) gives the un-

modulated incoming signal and the frequency mod-

1 I I

(a)

I

(b)

Fig. 9—RF Spectra—FM modulator with gain.

PLO= –20 dbm
P.= –50 dbm

~,.o=2.010 Gc
~,=2.000 Gc

Aj”= 0.8 MC fm c r55 kc
EB = 90 mv

(a) Incoming signals.
(b) Outgoing signals.

ulated injected local oscillator. In Fig. 9(b) the gener-

ation and amplification of the image frequency signal

and the doubling of the frequency deviation can be seen

as well as the fact that the incoming signal (which

also becomes amplified) is not frequency modulated.

The full bandwidth capability of the tunnel diode

frequency modulator could not be demonstrated, since

the QZ of the resonant circuit at the IF terminals in the

experimental model was too high.
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