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A Wideband Microwave Solid-
State FM Deviator

Existing frequency modulated microwave
sources are typically limited to either relatively
narrow frequency deviations (<+ 20 MHz)

relatively low baseband response
~< 10 MHz), unless complicated techniques
are employed. The objective of the work de-
scribed in this correspondence was to develop
a simple solid-state microwave deviator with
greatly extended deviation and baseband re-
sponse. Specifically, a frequency deviation of
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+100 MHz centered at 1.3 GHz with a
linearity of less than 2 MHz, a power output
of 120 mW flat to 1 dB and a baseband re-
sponse from dc to 60 MHz were established
as goals.

The FM deviator designed for this pur-
pose utilized a transistor oscillator which
operates at its fundamental frequency. In
order to obtain the required broadband devi-
ation characteristics, a simple LC resonant
circuit containing the baseband-voltage de-
pendent collector-to-base capacitance of the
transistor, a varactor and an external induc-
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Fig. 1. Schematic diagram of linearized L-band FM deviator.
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Fig. 2. RF characteristics of FM deviator.
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Fig. 3. Baseband responss for tbreo RF carrier frequencies.
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tor was utilized, as shown in Fig. 1. In this
way the ratio of energy stored in the variable
capacitances to the total energy stored in the
resonant circuit was maximized. Further-
more, since the higher voltage is applied to the
transistor as the frequency increases, the out-
put power is maintained relatively flat over
the whole range of interest.

Linearization of the frequency-voltage
characteristics was accomplished by shaping
the input voltage characteristics. For this pur-
pose Schottky barrier diodes were used, as
shown in Fig. 1.

Using Fairchild MT1038 transistors oper-
ating at L-band, several FM deviators were
constructed. The best of these had a linearity
of less than 2 MHz for a peak-to-peak devia-
tion of 200 MHz and a differential non-
linearity of less than ~ 6 percent. The devi-
ators are capable of providing an output
power of greater than 100 mW over the band,
flat to within 1 dB. Figure 2 shows the RF
output response and the frequency versus
baseband voltage characteristic. The base-
band frequency characteristic is flat to within
+ 1 dB from dc to 60 MHz as shown in Fig. 3.
On a spectrum analyzer with 1 kHz IF band-
width the noise level of the deviator was more
than 60 dB below the carrier at 100 KHz
away from the carrier. No spurious responses
were observed over a several hundred mega-
hertz range.

Similar results have also been obtained
with push–pull oscillators where the varactor
and RFC’S are completely eliminated.
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Comments on “Longitudinal Waves in

a Hot-Nonuniform Plasma”

In a recent correspondence Lonngrenl
derived the general wave equation for an in-
homogeneous isotropic warm electron plasma
in the form:

–VXVXE+; VV.E

a2 VNO
—V.z (1)+ k/(1 — X)E = ~ NO

where ~ = [y~O/m]l 12= acoustic velocity
of the electron gas, X(?)= e2NO(7)/J%rr,
ko =w/c, kl =w/a and Y = CP/C~.

The general wave equation for an in-
homogeneous gyrotropic warm plasma with
a static magnetic field was derived by Unzz in
the form:
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where ~(?) = (eP/~m) ~0(7), ~o(i) being the
inhomogeneous magnetostatic field, and
U(?) = 1–iZ(7) = 1–i v(?)/ti, v(?) being the
average collision frequency, and the plasma
is inhomogeneous both in average density
N,(7) and in average temperature T,(?).

For the particular case under considera-
tion by Lonngrenl one has U= 1, T= O,
VTO= O, (To= constant), and k,= ~/a= con-
stant, and (2) becomes:

–VXVXZ+$VV.E

For small inhomogeneities IVN,/N, I<<1, (1)
and (3) are identical, but they are not identi-
cal in general.

The reason for the disagreement between
(1) and (3) seems to be the suggestion by
Lonngrenl to use the equation of state

PI = YKTONI (4)

for the inhomogeneous plasma. The equation
of state for the adiabatic process and no
viscous effects has been given by Unza in the
form:

Dp DN

Dt
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Using small signal theory in (5a) for inhomo-
geneous nondrifting plasma, it has been
pointed out by Rao and Unz4 that the adia-
batic equation of state becomes for the pres-
ent case:

~ + a,.vpo

[
aN~

= YKTO 1~ + IZI.VNO . (5b)

Only for the particular case of homogeneous
plasma VN, =VpO = O (5b) agrees with (4).
However, for the inhomogeneous plasma one
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dix A, March 1966.
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should use the equation of state (5b) rather
than (4) as suggested by Lonngren,l and as a
result one will obtain the wave equation (3)
for the inhomogerwous warm plasma given
by Unzz rather than (1) given by Lonngren~
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Autkor’s Reply’

Kalluri and Unz note that at the low-
frequency limit of a collision dominated
plasma, the pressure obeys an equation of
state of the formG

: (BL”7) = o. (1)

This modifies our equation (12)’ to
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Properties of a TEM Transmission Line

Used in Microwave Integrated

Circuit Applications

INTRODUCTION

A somewhat unusual TEM transmission
line configuration that is useful in certain
microwave integrated circuit realizations, !
consists of a strip-line center conductor on a
dielectric substrate coaxial with a cylindrical
outer conductor, as shown in Fig. l(a). The
cylindrical outer conductor is perturbed
slightly by slots that support the dielectric
substrate. Due to the irregular conductor
geometry and the presence of the dielectric
substrate, exact closed-form theoretical solu-
tions for the characteristic impedance ZO and
the effective dielectric constant : of this trans-
mission line have heretofore not been ob-
tained. However, an approximate theoretical

1 H. C. Okean, “Integrated microwave tunnel diode
devices,” 1966 G-M7T Symp. Digest, pp. 135-140, May

1966.
~ H. C. Okean, “Microwave amplifiers employing

integrated tunnel diode devices,” to be published.
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solution has been obtained using the slightly
simplified cross section of Fig. l(b), in which
the outer conductor slots are neglected. In
addition, the validity of this approximate so-
lution has been demonstrated experimentally.

THEORETICALRFSULTS

The effective dielectric constant 2 and the
characteristic impedance 20 of the configura-
tion of Fig. l(b) are obtained from its
static, unit-length interconductor capacitance,
C(pF/i}z), using the fundamental relation-
ships

c 84.9
:=—, Z13=

co 6’i)(pF/in) ~~ ‘

co = c 1;4. (1)

To calculate C in this case in which its
direct solution for the given cross section does
not exist, we locate the latter in the complex ~
plane [Fig. l(b)], and use the property that C
is invariant under conformal transformations
t= t(~) of the o planes We then select t to
yield that transformed cross section for which
c can most conveniently be calculated directly.
In this case, we choose the familiar bilinear
transformation

which yields the transformed t-plane cross
section with new dimensions, as shown in
Fig. 1(c). C cannot be calculated directly in
the t-plane, nor is there any convenient con-
formal transformation of the t-plane to yield
a configuration amenable to exact calculation
of C. However, if we approximate the t-plane
cross section by the t’-plane cross section of
Fig. l(d) (valid particularly for small arg t and
hence, for small substrate thickness 2A, and
exact in the limit A= O or e= 1) and use the
method of images,3 the resulti~g configura-
tion can be solved directly for C= C. In spe-
cific, we define C’ as the coupled-strip capac-
ity between the transformed center conduc-
tor and its imag~. Then the desired C, ap-
proximated by C, the capacity between the
center conductor and the imaginary-axis
ground conductor, is given byb

[
K(k)

C=~=2C’ =0.45 —
K(k’)

1 K(kI)
+ ~ (~ – 1) K(kl,) 1— pF/in (3)
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