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FLIGHT LINE TEST SET,
IRIG TONE GENERATOR AND

FLIGHT TERMINATION TRANSMITTER ON A PC CARD

Tony Cirineo
NAWCWPNS, Point Mugu, CA

ABSTRACT

This paper describes the development of a PC based IRIG tone generator and flight
termination transmitter. The tone generator and flight termination transmitter card are part
of a flight line test set. The test set has several PC based cards which include an S-Band
telemetry receiver, a bit synchronizer, a decommutator, an encryption support card and the
flight termination transmitter card. The test set can perform a complete end to end test of a
weapon's flight termination system prior to loading on an aircraft.
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INTRODUCTION

This paper describes the development of a PC based IRIG tone generator and flight
termination transmitter. The tone generator and flight termination transmitter card are part
of a flight line test set for use in the Joint Stand Off Weapon (JSOW) and Standoff Land
Attack Missile (SLAM) programs. A photo of this test set is shown in Figure 1. The test
set has several PC based cards which include an S-Band telemetry receiver, a bit sync, a
decommutator, an encryption support card and the flight termination transmitter card. The
test set can perform a complete end to end test of the weapon's fight termination system
prior to loading on the aircraft.

The Interrange Instrumentation Group (IRIG), now known as the Range Commanders
Council (RCC) has defined a set of standard decoder tones to be used with flight
termination receivers and decoders. These tones are still commonly referred to as IRIG
tones and are listed in table 1. The IRIG tone card has four tone generators capable of
generating any of the IRIG tones (1 through 20) and frequency modulating (FM, at 30 kHz
deviation) them onto a carrier in the flight termination band (400 to 440 MHz). Direct
Digital Synthesis (DDS) chips are used to generate the IRIG tones and a 2.0 GHz Phase



Lock loop (PLL) chip is used as the RF synthesizer. The output power of the RF
synthesizer is about -10 dBm. A 400 MHz 'rubber duck' antenna mounts to a BNC
connector on the card. The card interfaces to an eight bit PC bus and most parameters are
programmable over the bus via software.

Figure 2 shows the block diagram of the PC card. Each tone generator is capable of
generating any frequency from 1 Hz to 300 kHz, with a frequency resolution below one
Hertz. The IRIG tones span the range from 7500 Hz to 76 kHz. Four different tones may
be generated at one time. The selection of the tones, their amplitude which determines
their deviation, the selection of the RF center frequency are among the features that
operate under software control.

IRIG Tone Generators

The IRIG tones are generated with direct digital synthesis chips available from Analog
Devices, part number AD7008. A block diagram for the AD7008 is shown in Figure 3.
There are several unique features that make this part ideal for this application. Internal to
the AD7008 is a 10 bit digital to analog converter (DAC), so an external DAC is not
required. There are I and Q modulation inputs which in this application are used to control
the output amplitude of the signals. This was useful for setting and controlling the
deviation of the modulated RF output. The external low pass filter is an active 2 pole filter
with a cut off frequency of 250 kHz which is about ten times lower than the DAC sample
rate.

Figure 1: Flight Line Test Set shown with both the built in LCD display, keyboard
and an external VGA monitor.
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Figure 3: Block diagram for the tone generators

The clock frequency to the AD7008 is 2.5 MHz and is derived from the RF synthesizer’s
10 MHz reference oscillator, which is a temperature compensated oscillator with a
temperature stability of 1.5 ppm from -20 to 70 degrees Celsius. Table 1 shows the
frequency precision attainable with a 2.5 MHz clock. The IRIG tones are numbered from 1
to 20 and their frequencies are shown in the table. The Phase word is the 32 bit digital
word that is loaded into the frequency register of the AD7008 to select the output
frequency. As shown in the table all of the IRIG tones can be generated to within 0.025%
of their actual values. This level of precision would be difficult to achieve if traditional
analog methods were used to generate these frequencies.

400 MHz Synthesizer

The 400 MHz RF synthesizer is based on a 2.0 GHz Phase Lock Loop (PLL) chip, the
Q3236 available from Qualcomm. The block diagram for the synthesizer is shown in
Figure 4. The reference oscillator is a 10.0 MHz, temperature compensated crystal
oscillator with a temperature stability of 1.5 ppm. The loop filter sets the natural frequency
and damping ration of the loop. The filter is a 2nd order active filter. The modulating input
from the IRIG tone generators are summed into the loop as shown in Figure 4. The VCO
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Figure 2: PC Card Block Diagram



used is Mini-Circuits part number POS-535. The RF on/off control interrupts the supply
current to the VCO. The Low Pass Filter (LPF) is a 4 pole lump element filter with a cut
off frequency of 500 MHz and serves to attenuate any harmonic out put from the VCO.

Table 1: DDS frequency parameters
Tone error Frequency, Hz Phase Word

1 -0.007% 7,500.0001         12,884,902      
2 0.019% 8,459.9998         14,534,169      
3 0.012% 9,539.9999         16,389,595      
4 0.014% 10,759.9999       18,485,539      
5 0.011% 12,139.9999       20,856,361      
6 -0.013% 13,700.0001       23,536,421      
7 -0.006% 15,450.0001       26,542,898      
8 -0.001% 17,430.0000       29,944,512      
9 -0.011% 19,660.0001       33,775,623      

10 -0.001% 22,170.0000       38,087,770      
11 -0.010% 25,010.0001       42,966,853      
12 -0.002% 28,210.0000       48,464,411      
13 -0.023% 31,830.0002       54,683,524      
14 0.022% 35,899.9998       61,675,730      
15 0.019% 40,489.9998       69,561,290      
16 0.025% 45,679.9997       78,477,642      
17 -0.006% 51,530.0001       88,527,866      
18 -0.018% 58,120.0002       99,849,400      
19 0.022% 65,559.9998       112,631,222    
20 -0.022% 73,950.0002       127,045,133    
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Figure 4: Block diagram for the 400 MHz synthesizer

The RF output power at the antenna connector is about - 10 dBm. The antenna used in the
test set is a BNC mount rubber duck antenna. The RF detector circuit is based on an
Schottky diode and a comparator. The RF detector and PLL lock detector outputs are
buffered on to the ISA bus for status indicators to the test set software.



The VCO tuning voltage versus frequency curve is shown in Figure 5. The synthesizer will
tune over a range from 350 MHz to about 460 MHz, but only 406, 415, 425 and 429 MHz
are commonly used. The top curve on Figure 5 is the VCO tuning sensitivity plotted as a
function of frequency. The tuning sensitivity over the range of interest, from about 8 volts
to 9 volts is not constant but varies from about 27 V/MHz to 19 V/MHz. This made setting
the required deviation at the various frequencies a function of center frequency. The
programmable output levels from the tone generators made it possible to set the correct
modulation drive level as a function of center frequency under software control.
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Figure 5: VCO characteristics

A link analysis was done for the test set. Figure 6 shows the margin in dB over receiver
threshold plotted as a function of distance in feet. The following assumptions were made,
transmitter power of -20 dBm, transmitter antenna gain of -10 dBi, receiver antenna gain
of 0 dBi, and an operating frequency of 450 MHz. The test set is required to operate over
ranges varying from several inches, in the case of bench testing to hundreds of feet for
flight line testing. The maximum power allowed into a typical flight termination receiver is
-20 dBm and still operate. With an output power of -12 dBm into a rubber duck, the
maximum operating input power to a receiver should never be exceeded in most cases.
The maximum range achievable for flight line testing is about 500 ft.
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Figure 6: Link margin

Software

As part of the PC card development software drivers were developed. The software was
written in C. About 200 lines of code were written. The PC card is controlled through 16
registers that are I/O addressed. Most modes can be programmed through software which
include the frequencies and amplitudes of each of the tone generators, the frequency of the
RF synthesizer and the RF output. All the test set functions are menu driven in a Microsoft
Windows 3.1 environment. This makes the test set very easy to use.

Test Results

A typical output spectrum is shown in Figure 7. The modulating signal is IRIG tone 1 at
7500 kHz. During testing of the PC card several interesting results were noted. As shown
in Figure 1, the PC card is mounted into a portable suit case enclosure. The close
proximity of the other digital cards, such as the PCM decoder and bit sync created some
minor problems to the RF circuits. The VCO tuning line picked up these emissions causing
low level (-40 dBc) digital spurs to appear in the RF output spectrum at many different
frequencies. Several things could have been done different in the design of the card. A
VCO with a lower tuning coefficient could have been used or the sensitive circuits could
have been better shielded.

Additionally, special care was taken in the design of the ISA bus interface. Address, data
and control signals were not allowed to exist at the PLL or the DSS chips in order to



prevent digital hash from appearing on the analog sides of these parts. The address and
data bus signals were gated up to the part only when particular registers on the DDS or
PLL chip were being addressed. Nevertheless, some digital hash is visible in the
unmodulated RF output spectrum.

-90

-80

-70

-60

-50

-40

-30

-20

-10

424.9 424.95 425 425.05 425.1

Frequency, MHz

d
B

m

Figure 7: Spectrum of transmitter with carrier at 425 MHz, modulation tone is 7.5 kHz, RES
BW 1 kHz, VBW 3 kHz, SWP 600 msec, ATTEN 10 dB, REF  0.0 dBm, 10 dB/, CENTER
425.00 MHz, SPAN 200 kHz

Conclusions

Five of these PC cards are being built for five test sets. The relatively high tuning
sensitivity of the VCO made it difficult to keep unwanted digital signals from modulating
the VCO.


