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1.0

GENERAL DESCRIPTION

The L22 Modem Offset Oscillator provides the offset 10 MHz
reference signal to the L19 Master Local Oscillator Driver for
distribution to the T1 modem Gunn oscillator phase lock loop
circuit.

One of five asynchronous (with the MLO system) crystal
oscillators at 10.001, 10.003, 10.010, 10.030, or 10.100 MHz,
along with provision for an external synthesizer input can be
selected by a front panel rotary switch.

Antenna to Central Electronics Room delay is measured as
follows: 1200 MHz and 1800 MHz carriers derived from a 600 MHz
reference in the Master Local Oscillator is transmitted single
sideband on a millimeter wave channel through the waveguide to
the antenna. At each antenna, the received 1200 and 1800 MHz
carriers are mixed together to produce a 600 MHz output which is
used to phaselock the internal 120th harmonic of a 5 MHz voltage
controlled crystal oscillator in a sample and hold phaselock
loop. 1200 and 1800 MHz carriers are then generated synchronous
with the antenna 600 MHz and retransmitted single sideband back
to the Central Electronics Room where the received 600 MHz differ-
ence is phase compared with the original master local oscillator
600 MHz signal.

Because the 1800 MHz carrier is 600 MHz above the 1200 MHz
carrier, it accumulates phase at a 600 MHz rate faster than the
1200 MHz carrier which is then used to make a round trip phase
error measurement to compensate for waveguide length changes with
temperature and gas pressure. Unfortunately when the 1200 - 1800
are mixed to obtain 600 at both the antenna and the Central Elec-
tronics Room a spurious 600 MHz is generated from 2 x 1200 MHz
~1800 MHz = 600 MHz. This can cause a significant phase error to
the round trip measurement.

By offsetting the Central Electronics Room modem local
oscillator by a small frequency difference A through the use of
the L22 module reference to the T1 LO phaselock loop, both the
antenna and Central Electronics Room spurious signals can be
placed well outside the effective loop bandwidths of the receivers

at both ends and thus suppressed.
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Because both the 1200 MHz and 1800 MHz signals are transmitted
to the antenna with an offset of A, and because the antenna 600 MHz
is derived from the difference of the two carriers, the spurious
signal is now A Hz from the legitimate 600 MHz as follows:

(1200 + A) x (1800 + A) = 600 MHz

(Legitimate)
2 x (1200 + A) x (1800 + A) = 600 MHz + A
(Spurious)

The antenna modem however, transmits 1200 MHz and 1800 MHz
without any offset back to the Control Building, since the antenna
600 MHz reference is derived from the incoming difference of the
two offset signals, as shown above.

The Central Electronics Room modem in receive has its local
oscillator A higher than normal. When the upper sideband received
1200 and 1800 MHz signals are downconverted they are offset by
~A. When the received 600 HMz is derived from the negatively
offset 1200 and 1800 the following relationships hold:

(1200 -A) x (1800 -A) = 600 MHz

(Legitimate)
2 x (1200 -A) x (1800 -A) = 600 MHz -A
(Spurious)

Therefore both problems are eliminated.

Two additional problems are however, created. One is that
the received "Front End IF" signals are also offset by -A.
Therefore in downconversion to baseband the received 1200 MHz -A
and 1800 MHz -A have to be used to eliminate the 30 MHz difference.
This is accomplished by mixing one or the other of these received
offset carriers in the T3 IF to baseband with the received offset
"Front End IF" signals.

The other procedure involves the path difference encountered
because the millimeter wave signals transmitted to the antenna
are offset by A, while the millimeter wave signals transmitted to
the Central Electronics Room are not offset by A. The paths are
not identical for both cases and therefore an increasing phase
measurement error is encountered with increasing A. Thus a
compromise must be reached between spurious response phase error

and path difference error.



2.0

This is accomplished for different antemna configurations
with a different offset, after careful tests. In the "A" array,
where the waveguide path lengths are much greater, a smaller
offset is required. In the "D" array where the path lengths are
much shorter, a larger offset can be used. Therefore the L22 can
be varied from 10.001 MHz (1 KHz offset) to 10.100 MHz (100 KHz
offset) in 5 steps.

In actuality the phase measurement does not occur at 600 MHz
directly in the Central Electronics Room because of the limited
dynamic range and linearity of a modulo & phase detector which
would be required for such a system. A 600 MHz + 19.2 Hz signal
synchronous with the 5 MHz reference at the Central Electronics
Room is generated which is then mixed with the incoming 600 Miz
from the antenna. This produces a 19.2 Hz clock signal synchronous
with the 5 MHz. It is comparéd using a period counter type of
modulo 2n phase detector which is linear over the entire 21t range
to 12 bit resolution.

THe 600 MHz ~A offset spurious signal is cancelled in this
system becasue a large number of individual measurements are
averaged together to produce a single correction phase output.

At the antenna however, the 1 second loop bandwidth of the
LO receiver phase locked loop which locks the 5 MHz antenna VCXO
to the incoming 600 MHz difference suppresses the incoming 600

MHz +A spurious signal.

CIRCUIT DETAILS

The modem offset oscillator Schematic is shown in D13820S9B.
High stability crystals are used in single tramnsistor Colpitts
oscillators. Since only one oscillator is powered at one time,
the collectors can be tied together to provide a common output
without loading. An emitter follower Q6 provides a 50Q output.
Because the oscillator outputs have considerable second harmonic
power the duty cycle is considerably less than 50%. The lock
detector in the Tl modem phase lock loop is dependent on a 50%
duty cycle 10 MHz reference for proper operation. Therefore a 10
MHz bandpass filter, FL-1, is added to provide a 50% duty cycle

by suppressing the second harmonic.
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3.0

4.0

Phase stability of this system is not important since it is

not synchronous with the phase measurement system.

FRONT PANEL ADJUSTMENTS AND CONTROLS
3.1 OFFSET SEL switch supplies DC voltage to selected crystal
oscillator as well as transferring output to external

synthesizer in the "EXT" position.

3.2 FREQ ADJ trimmer capacitors used for fine tuning of each

crystal oscillator.

3.3 Test BNC Jack
Monitor point connected to RF output through 510Q
resistor. Can be connected to frequency counter for

oscillator frequency adjustment.

MODULE ADJUSTMENTS

Each L22 crystal oscillator should be periodically checked
and adjusted with a frequency counter to compensate for oscillator
aging. While this is not significant from a system standpoint it
might help in the future diagnoses of spurious signals in various

parts of the system.
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