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put level, i.e., 6 mW, resulting in an RF voltage
across the varicap which is considerably smaller than
the bias. Another inherent result of placing the modu-
lator in the feedback path is that any residual am—
plitude modulation caused by the modulator does not
show up in the output path. The +60, 0, and -60
degrees phase shifts are obtained by applying typically
2V, 8V, and 20V across the varicap.

A modulation driver is used to translate the en-
coder modulation voltage levels, to the levels required
by the modulator. The +60° and -60° levels are ad-
justed by two potentiometers.

The sampler (see Fig. 14) receives two input sig-
nals, the 50.15 MHz signal from the crystal oscillator
and the 401.2 MHz signal from the power oscillator.
The output of the sampler is a low frequency signal
which is related to the phase error between the two
inputs.

The sampler is made up of two parts; the sampling
pulse generator and the multiplier. A step recovery
varactor diode is used to genmerate the narrow, 1 ns
wide, pulses at a rate of 50.15 MHz. These pulses are
fed through a ferrite bead transformer to the multi-
plier, where they multiply the 401.2 signal. The
multiplier consists of a biased hot carrier diode quad
bridge. The output of the bridge goes to the loop
amplifier.

The loop amplifier is a three stage dc amplifier
of conventional design. The first stage is a current
source stabilized differential amplifier which is fol-
lowed by a common emitter voltage gain stage. The
output stage is a complimentary emitter follower. The
open loop amplifier gain is approximately 4000. For
negative output voltage, the closed loop dc gain of
the amplifier is 100. It is reduced to 50 for posi-
tive output voltage, to compensate for the nonlinearity
of the varicap. The high frequency gains are 20 and
10, respectively. The transition frequency of the lag-
lead filter is near 0.1 MHz.

Typical other parameters of the loop are:
detector gain K; = 0.2 V/rad, average VCO gain
K, = 1 MHz/V = 6.28 x 106 rad/s/V and average loop

phase

amplifier high frequency gain K3 = 15.
The loop gain, K, is given by
K = Kl KZ K3 = 2 X107 sec -1 (1)
yielding a theoretical '"lock in" range AfL
-k .
where AfL = 5z 3.2 MHz (2)

The "lock in" range is the frequency range within
which the lock-up occurs without cycle skipping, and
the time required to lock-up is less than K~ ° seconds,
which in our case is 50 ns. The measured "lock-in"
range was 401.2 + 3.5 MHz. Lock-in symmetry is ob-
tained by biasing the free running frequency of the
power oscillator off center.

The "lock-in'" range achieved is 6 times larger
than the maximum deviation of the free running fre-
quency due to temperature (Fig. 11). The "lock-in"
range is limited by the phase shifts, particularly in
the loop amplifier. The second order nature of the
loop is important when one considers phase errors.

The phase shifts generated by the modulator are passed
to the output through the loop (by a voltage impulse,

not a voltage step). The loop has, however, a steady

state phase error ee, which is given by

_ 2mAf
" K[de]

3

fe
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where Af is the difference between the free-running
frequency and the locked frequency, and K[dc] is the
loop low frequency gain. Second order effects can
cause changes in 6e which may correspond to the modu-
lation signal, and hence comprise a change in the modu-
lation level. Those changes in 6e, as well as fe
itself, are inversely proportional to the loop low-
frequency gain. Hence, the higher the gain of the loop
the lower the effect of the loop on the modulation.

The limit on the loop dc gain is the open loop gain of
the loop amplifier (assuming the VCO gain and the phase
detector gain are fixed).

Stable Oscillator

The oscillator provides 50 mW of a stable 50.15
MHz signal to which the 401.2 MHz power oscillator
locks. The electrical circuitry consists of three
subassemblies: the crystal oscillator, the buffer,
and the oven controller. The thermal packaging con-
sists of a miniature Dewar flask, the oscillator-buffer
package, and the spherical foam enclosure.

The crystal oscillator (Fig. 15) is a Pierce oscil-
lator operating at 50.15 MHz using a fifth overtone AT
cut crystal. The oscillation frequency of the circuit
is slightly above the series resonant frequency of the
crystal due to the series capacitive load of about
15 pF formed by C31 and the effective capacitance of
the tuned collector circuit L11 and C30. The tuned

circuit in the collector selects the proper crystal



overtone mode.

A fifth overtone crystal is chosen to provide a
small tuning range while maintaining good resistance to
frequency pulling. The crystal used has a capacitance
ratio, r, of about 7000 and can be tuned in the circuit
over a range of 500 to 1000 Hz at 50 MHz. Tuning is
accomplished by decreasing or increasing the inductance
via the inter-winding spacing on L1l.

The crystal oscillator is coupled to the buffer
through a 10 pF capacitor. This small value of coup-
ling capacitance reduces oscillator pulling due to
impedance changes at the buffer input. The power con-
sumption of the oscillator is approximately 35 mW.

The RF signal from the crystal oscillator is am-
plified by a single stage dual gate MOSFET buffer
(Fig. 15). The dual gate structure provides lower
feedback capacitance, better gain and lower spurious
response than possible with a single gate structure.
L12, C38 and C39 tune the buffer output and match the
output to the load. The buffer raises the RF signal
to a level of 50 mW into 50 Ohms and consumes 110 mW
from the +12V power supply. The physical size and
power dissipation preclude the placement of the buffer
inside the Dewar flask active oven. The total power
consumption of the oscillator, buffer, oven and oven
controller, at typical ambient temperature of -30°C,
is 0.24 W.

The oven controller consists of a 723 voltage
regulator IC operated in a pulse width switching mode
(Fig. 16). The unijunction transistor Ql5, generates
a sawtooth at the sampling rate. The thermistor, R55,
bonded between the crystal and the heater resistors,
alters the bridge output according to the temperature
sensed. As the dc output of the bridge changes, the
dc pedestal on which the sawtooth rides changes. The
723 switches when the sawtooth exceeds the threshold
level. The duty cycle of the switched output depends
on the dc output of the bridge. The output of the
driver transistor, Ql6, is filtered by L13 and C&4
producing a dc current proportional to the pulse width.

The temperature of the active oven is set by R61.
The value of R61 is chosen so that, with the particu-
lar thermistor used, the bridge balances at the desired
temperature. R60 sets the gain of the controller. The
active oven temperature is set at +25°C. Typical gain
of the oven controller is

AP

= 0.2 W/°C
ATxtal

(4)

The oscillator circuitry is housed in a miniature
Dewar flask (3 5/8" long, 1" diam). The measured ther-
mal resistance of the flask, including its cork, is

AT amb _

7p - 250 to 500 c/W )
Multiplying (4) by (5) we get
¢ =212 _ 50 o 100 (6)
T
xtal

Typical measured time to complete 63% of the cry-
stal temperature change following a step in ambient
temperature is

T = 40 min (7)
The closed loop response of the active oven is given by
AT (s)
EChiE Al
AT +a1%®) = (o) (reD) ®)

where G and T are given in (6) and (7).
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The stable oscillator packaging

The flask, the buffer and the oven controller are
housed in a rectangular foam package (Figs. 17,18) which
also serves as a base for an RF shield made of aluminum
foil.

To minimize temperature variations vs. sun-angle,
the outside package is spherical. White paint (normal.
absorbtivity/normal emissivity = 0.32) covers the lower
hemisphere, and aluminized mylar, with the mylar side
out, (ctn/en = 0.5) covers the upper hemisphere. Typical
temperatures inside such a spherical passive package, as
taken during three different balloon flights, are given
in Fig. 19. The highest rate of change was for balloon
TZ03 between 12:00 and 13:00. The temperature change
during this hour was 8°C. It should be noted that from
the balloon-borne radar altimeter it is known that this
balloon has crossed from ocean to land at 11:58. The
typical balloon altitude during these flights was 13.5
km, and the typical ambient temperature was -55°C.
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