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2.3.2.1 PAM/DPSK Modulators

Two types of modulators are required: a pulse amplitude modulator (PAM),
and a differential phase-shift keyed (DPSK) modulator. The PAM modulator
determines the duration of the transmitted microwave pulse. It consists of an
absorptive type switch with an off/on ratio of 110 dB.

The DPSK modulator consists of a double balanced mixer and a video
driver. The microwave signal is fed to the "L" port and a bipolar signal is
fed to the "I" port. As long as the video signal magnitude is larger than
zero the microwave signal is transmitted from the "L" to the "R" port.
However, to minimize insertion loss, the "I" port is driven at approximately
20 mw. Every time the polarity of the video signal at the "I" port is changed
the phase of the microwave signal at the "R" port is reversed.

Since the bandwidth of the double-balanced mixer is large relative to the
system's bandwidth, the DPSK transition is determined by the rise-time of the
driver's video pulse and by the bandwidth of the system. The TCAS National
Standard requires that these transitions be completed within 80 nanoseconds,
10 degrees to 170 degrees.

2.3.2.2 Microwave Power Module

The microwave module consists of five electron tubes providing a 47-dB
power gain at 1030 MHz. The first three stages are gated while the last two
are RF-driven. The output power of the L-band amplifier chain can be adjusted
from 1- to 2-KW peak by setting the magnitude of the high voltage, and by
setting filament voltages for optimum electron emission consistent with
specified tube life. The maximum microwave power required at the input of the
power module is +16 dBm (40 mw), resulting in an available power gain of
47 dB.

The power module is energized by the aircraft's 28-volt source; a
DC-to-DC inverter is used to provide both heater and high voltages. Because
vacuum tubes have a tendency to arc, stored enmergy (E = 1/2 CV2) is limited by
limiting the value of the capacitor to that needed to satisfy microwave pulse
rise-time requirements. A pulse-modulated, current-limited, power supply
provides the required energy and assures that the maximum pulse droop 1is
within 1-dB. In the event that an arc occurs, or the pulse width is extended
beyond 30-u sec, or the PRF is accidentally increased to a rate unsafe for the
tubes to handle, the power supply automatically shuts off, resuming operation
when safe conditions are re—established.

Typical performance of the transmitter is shown in Fig. 2.3-3 which
illustrates a transition of the DPSK modulation. The upper waveform indicates
the input to the 1-kW amplifier, and the lower waveform the output of the
amplifier. The horizontal scale is 50 nanosecond/cm. It can be seen that the
bandwidth of the transmitter is adequate to achieve the time limit allowed by
the National Standard for 180° DPSK phase reversals.
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HOR. 50 NANOSEC /cm.

Fig. 2.3-3. Power module response to DPSK transition.
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TABLE 2,3-1

AIR-TO-AIR LINK POWER CALCULATION UNDER NOMINAL CONDITIONS AND
AT A RANGE OF 10 NMI.

INTERROGATION REPLY
ITEM UNITS LINK (1030 MHZ) | LINK (1090 MHZ)

1. Transmitter Power dBm 57 57
2. Transmitter Cabling Loss dB 3 3
3. Transmitter Mismatch Loss dB 0 0
4., Transmitter Antenna Gain dB 0 0
5. Free Space Path Loss dB 118 118.5
6. Receiving Antenna Gain dB 0 0
7. Receiving Mismatch Loss dB 0 0
8. Receiving Cabling Loss dB 3 3
9. Received Power dBm -67 -67.5
10. MTL dBm ~77 =77
1l1. Nominal Margin (One Way) dB 10 9.5
12. Nominal Margin (Two Way) dB 9.5

Notes:

Items 3 and 7, mismatch losses, refer to the differences, if any, that
result when cables are attached to the antennas as compared with
connections to perfectly matched loads. The nominal value is
arbitrarily taken to be 0 dB.

Items 4 and 6 - the nominal value of aircraft antenna gain is arbitrarily
taken to be 0 dB.

Item 5, free space path loss = 20 log(4 R/A) where R = range and
A = wavelength.

Item 9, received power equals the sum of items 1, 4 and 6 minus the sum of
items 2, 3, 5, 7, and 8.

Item 10, MTL, denotes Minimum Triggering Level.
Item 11, nominal margin (one way) equals item 9 minus item 10. The small
difference originates in free space path loss which is slightly different

at the two frequencies.

Item 12, nominal margin (two way) is the lesser of the two values in item 11.
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a)

1087 MHz

b)

1090 MHz

c)
1093 MHz

Fig. 2.3-6 Receiver log video response.
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