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A Modular Approach to Diverse 
Stimulus Requirements 

Microwave receiving systems require 
numerous tests during their original 
manufacture, operational usage, and 
maintenance. These tests are neces- 
sary to confirm proper operation or to 
identify levels of degraded perfor- 
mance. Greatest confidence is 
achieved through injection of known 
RF signals and comparison of the pro- 
cessed information against pre- 
established standards. Other methods 
are available but are inferior in that 
they normally test only portions of the 
total system or confirm only indirectly 
that various parameters are within 
acceptable limits. For example, some 
tests are performed by stimulus injec- 
tion at the IF level rather than at the 
RF level. As a result, a significant por- 
tion of the receiving system is not 
adequately tested. 

Maximum throughput and efficiency 
are achieved if the tests can be done 
automatically. This is especially true 
of production test situations where 
many tests have to be performed re- 
peatedly. The advantage of computer 
controlled automatic test systems is 
that they are capable of operating at 
speeds several orders of magnitude 
greater than that of a manual system. 
The benefits are threefold. First, the 

tests are accomplished in a fraction of 
the time and effort it would take to 
perform them manually. Secondly, 
larger tasks can be attempted that are 
otherwise too time consuming and too 
costly. For example, large data sam- 
ples of a particular test parameter can 
be easily and economically taken. Fi- 
nally, the possibility of human error 
during these tests is eliminated. Not 
only does this reduce extra effort, but 
it also adds to the credibility of the 
test results. Common to all these ben- 
efits is the long-term savings in labor. 
Additional cost reductions will be 
reaped as advances in system software 
are made so that a technician-level 
operator can generate test programs. 

Synthesized Signal Source 

In addition to automatic control, other 

recent advances in microwave re- 
ceiver test systems lie in the area of 
hardware. One of the most significant 
improvements in the latest receiver 
test systems is the use of a frequency 
synthesizer as the signal source. A 
synthesizer has numerous advantages 
over an ordinary signal generator; 
among the most important are the re- 
peatability of frequency programming 
and the long-term stability. At con- 
stant temperature, a synthesizer with 
a crystal oscillator reference will have 
a long-term stability of about 1 part in 
10° per day. This means that over a 
period of twenty-four hours, whenever 
the frequency is programmed to 1 
GHz, for example, the repeatability of 
the output frequency is within 1 Hz. 
Another important advantage is 
that synthesizers are digitally 
programmable, whereas most signal 
generators are not. This is an impor- 
tant feature for computer-controlled 
systems, or for applications in which 
remote-controlled operation is re- 
quired. Such systems facilitate the op- 
eration of the tests, especially for real 
time, on-line calibration tests. 
Operators no longer have to shuttle 
between the RF hardware at the re- 
mote site (often high atop an antenna 
tower) and the base control location 
during a mission, thereby saving time 
and effort. 

Increased frequency coverage is 
another improvement in receiver 
test-system technology. Single synth- 
esizers capable of covering a 100 MHz 
to 40 GHz range are currently availa- 
ble. This broadband capability gives 
the test system added flexibility in 
being able to handle various receiver 
systems over different frequency 
bands. 

Greater use of solid-state technology 
in components has had a major impact 
on receiver test systems. Weight, size, 
and power consumption have been 
significantly reduced over that of 



older systems. Perhaps more impor- 
tantly, the reliability and maintain- 
ability of the test systems have im- 
proved. Over the long run, these fac- 
tors play a major role in the cost of 
receiver testing. 

A better understanding of the applica- 
tions of receiver test systems can be 
gained by examining specific cases. 
Three examples of receiver test situa- 
tions are described in this article. One 
is a production test application, 
another is a maintenance/calibration 
situation, and the third example is an 
on-line operational calibration appli- 
cation. In each case, a test system was 
designed around a microwave fre- 
quency synthesizer and its ancillary 
units. 

RF Target Simulator 

For the production testing of direction 
finding (DF) receiver systems, it is 

necessary to simulate the signal envi- 
ronment in which the receiver is de- 
signed to operate. In one particular 
example, the DF processor uses infor- 
mation from up to eight antennas to 
determine the direction of the un- 
known emitter. The processor also 
analyzes the signal for pulse modula- 
tion characteristics such as pulse 
width and pulse repetition interval 
(PRI). Initially, testing of these re- 
ceivers was done manually by general 
purpose laboratory instruments. Con- 
sequently, the testing phase was a 
slow, tedious, and an expensive por- 
tion of the production. It was clear that 
an automatic test system would be 
more cost effective and, therefore, a 

special system for testing DF receiv- 
ers, designated the RF Target 
Simulator, was designed. 

The test system generates eight 
inter-related signal components, 
simulating the signal pattern that 
would be received from eight anten- 
nas. The receiving system under test 
must determine the direction of the 
target and characterizes the pulse 
width and PRI to within its specified 

accuracy. The system computer pro- 
duces a sequence of conditions, pro- 
cesses the desired information and 
provides an evaluation of the receiver 
performance. 

Figure 1 is a block diagram of the RF 
Target Simulator System. Only the 2- 
to 18-GHz band is explicitly shown; 
the 0.5- to 2-GHz band is similar. The 
system can be broken down into five 
major subsystems: 1) signal source, 2) 
attenuator and pulse modulator, 3) 
microwave amplifier assembly, 4) sig- 
nal divider assembly, and 5) system 
computer. 

RF Stimulus Source 

The signal source provides the basic 
CW stimulus, while the attenuator 

and pulse modulator assembly condi- 
tions the RF to generate the desired 
signal. The microwave amplifiers are 
utilized to insure sufficient power 
level at the output of each channel of 
the power divider assembly. 

The heart of the signal source is a 
Watkins-Johnson Model 1250 Fre- 
quency Synthesizer. Fundamental os- 
cillator outputs are provided by RF 
sources covering 0.5 to 18 GHz in six 
standard bands. These plug-in mod- 
ules are interfaced to the synthesizer 
through an interface module. Pro- 
gramming of frequency can be done 
manually through a front panel key- 
board as well as digitally through a 
rear panel connector. 

Pulse modulation and attenuation 
control are provided by the pro- 
grammable attenuation and pulse 
modulation unit. This unit accepts the 
synthesizer output in six bands and 
switches the signal into a common 
line for the RF signal conditioning. 
Amplifiers external to this unit can be 
switched into the RF path, or can be 
bypassed. Following is a bank of band- 
pass filters for harmonic rejection. 
This is necessary to prevent the recog- 
nition of harmonics as a multiple tar- 
get. In addition to the pulse modula- 
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Figure 1. RF target simulator system. 



tion and the attenuation level con- 
trol, the unit includes a digitally pro- 
grammed PIN diode attenuator to 
simulate a radar scan pattern. Other 
features include provisions for mon- 
itoring a sample of the RF signal and 
for injecting an auxiliary signal into 
the system. 

In the signal divider assembly, the RF 
signal is split into eight channels, 
each with independent attenuation 
level control. Any signal pattern can 
be simulated by the proper adjustment 
of the power levels in each channel, 
and by the programming of the ap- 
propriate pulse modulation param- 
eters and attenuation level in the pro- 
grammable attenuator. 

System Computer 

As shown in Figure 1, the system com- 
puter is the master controller. It prog- 
rams the frequency of the synthesizer, 
the pulse modulation and attenuation 
functions and the RF switches in the 
programmable attenuator, and the at- 
tenuators in the signal divider assem- 
bly. After the computer has been given 
the program and the data, it com- 
mands the rest of the system to simu- 
late the desired signal. Several advan- 
tages of a computer test system have 
been mentioned earlier. One concrete 
example of the power of a computer is 
a technique known as “software power 
leveling.” In general, the power level 
at the output of the simulator system 
will vary with frequency. The compu- 
ter can compensate for the frequency 
variation by an appropriate adjust- 
ment of the attenuators. This can be 
accomplished by a feedback loop in 
which power level is monitored and 
correspondingly adjusted by the com- 
puter to achieve the desired level. An 
open-loop method can also be used, 
whereby the computer stores a table of 
correction factors which it consults 
whenever a new frequency is 
programmed into the synthesizer. Of 
the two methods, the open-loop 
technique is the simpler to implement 
and was chosen for the RF Target 

Simulator System. In other configura- 
tions, a hardware leveling approach 
can also be used. 

Table 1 lists the basic performance 
specifications for the RF Target 
Simulator System. 

Radar Calibration 

A second example of a receiver test 
system concerns a tracking radar 
maintenance/calibration application. 
Before and after the firing of a test 
missile, many hours are consumed in 
testing and calibrating the tracking 
radars along the missile flight path. 
At one island radar site, this test and 
calibration effort has been greatly re- 
duced by the installation of a 
remotely-controlled synthesized sig- 
nal generator system. Savings have 
been experienced in both man-hours of 
labor and the elapsed time needed for 
pre-mission and post-mission tests. 
An additional benefit has been the in- 
creased confidence in the tracking 
data obtained from this site. Two 
C-band radars are used to provide 
tracking data on test ICBM’s fired 
from the U.S. mainland, as well as 

meterological rockets, satellites, and 
manned spacecraft which may pass 
within range. In order to be meaning- 
ful, the data on azimuth, elevation and 

distance has to be accurate to within 
very close tolerances. Therefore, the 
radar system is tested and calibrated 
before and after each tracking, and the 
data from this pre- and post-mission 
calibration process is maintained with 
the actual tracking data. 

One portion of the test and calibration 
effort requires that a C-band signal be 
radiated from a fixed point to each 
radar antenna. Frequency, pulse 
width and pulse repetition interval 
are set as dictated by the target to be 
tracked. And, the radiated power level 
is varied to establish the noise floor 
and various calibrated points above it. 
Because both radar systems must be 
tested and calibrated in minimum 
time, and because redundancy in test 
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Table 1. Specifications for the RF Target Simulator System. 

Frequency Range 0.5-2 GHz 
2-18 GHz 

Frequency Resolution 100 kHz 

Frequency Stability 1 pp 10°%/day, or as determined by 

external ref. 

Power Output: (from WJ-1254-2) 

Primary Output (0 Attenuator setting) 

unamplified 

w/100 MW Amplifiers 

w/1 watt Amplifiers 

Sample Outputs (2): 

—10 dBm, min. 

+7 dBm, min. 

+17 dBm, min. 

—10 dBc relative to Primary Output 

Power 

—50 dBc, max. 

—60 dBc, max. 

—90 dBc/Hz, max., at 100 kHz 

removed from carrier. 

(Typical: —60 dBc/Hz at 1 kHz 

—70 dBc/Hz at 10 kHz 

—100 dBc/Hz at 100 kHz) 

Harmonic Spurious 

Non-Harmonic Spurious 

Single Sideband Phase Noise 

Programmable Attenuation: 

Range 

Linearity 

Repeatability 

0 to 79 in 1 dB steps 

+2 dB, max. 

+0.2 dB, max. 

Programmable Pulse Modulation: 

Pulse Repetition Interval 

Pulse Width 

Delay (Ext. Trigger Mode) 

0.01-9.99 msec in 0.01 msec steps 

0.1-999.9 usec in 0.1 wsec steps 

0.1 u«sec-9.9999 msec in 0.1 wsec 

steps 

Rise/Fall Time 20 nsec, max. 

ON/OFF Ratio 60 dB, min. 

Trigger: Internal or External (TTL compatible) 

Programmable Scan Modulation: 

Range 

Programming (Remote Only) 
0-60 dB in 1 dB steps 

BCD Format, TTL compatible 
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Figure 2. Radar test system site. 

manded that frequency, attenuation, 
pulse width, pulse repetition interval 
and system power be controlled from a 
distance of approximately 1,500 feet 
from the boresight shelters. In addi- 
tion, attenuation was required to be 
highly repeatable, on the order of +0.2 
dB, and the other parameters had to be 
essentially equal to those of the signal 
generator. Figure 3 shows the com- 
plement of equipment necessary to 

satisfy the system requirements. 
Table 2 lists the basic characteristics 
of the system, while Figure 4 shows 
the relative position of each unit. 
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The synthesizer mainframe and RF 
source (4 to 8 GHz) provides the basic 
CW signal, while the attenuation and 
pulse modulation unit operates on the 
signal to provide the desired input to 
the boresight antenna. Frequency, at- 
tenuation and pulse width are manu- 
ally programmable via the front panel 
keyboard and thumbwheel switches 
or, as required in this application, di- 
gitally controlled from the remote con- 
trol unit located at the radar 
operator’s position. 

In addition to providing the serially 
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Figure 3. Radar test system equipment. 



Table 2. Test System Performance Parameters. 

Frequency: Range 

Resolution 

Stability 

Power Output (CW, zero attenuation) 

Attenuation: Range 

Resolution 

Repeatability 

Pulse Width: Range 

Resolution 

Accuracy 

4-8 GHz 

100 kHz, minimum 

1 x 10°%/day, maximum 

1 mW, minimum 

0-79 dB 

1 dB, minimum 

+ 0.2 dB 

0.1-9.9 wsec 

0.1 usec 

20 nsec or 5% 

Separation of Remote Units from Control Unit 5,000 feet, maximum | 

transmitted frequency, attenuation, 
and pulse width commands to the fre- 
quency synthesizer, RF sources, and 
programmable attenuator, the remote 
control unit commands the main 
power to the test system and transmits 
the pulse modulation trigger signal 
from a source at the operator position. 
Control of the remote control unit is 
accomplished via its front-panel 
thumbwheel and push _ button 
switches or by digital input to its rear 
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MODULATION UNIT WJ-1254 

CW RF 

SYNTHESIZER |RF SOURCE 
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panel connector. The radar system 
computer will soon be employed to 
provide this input and truly automate 
this test sequence. 

After approximately one year of op- 
eration, two test systems have been 
providing the anticipated savings 
of time and effort. In addition, the 
greater accuracy of the systems (rela- 
tive to the original signal generators) 
has prompted plans for even greater 
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Figure 4. Radar test system equipment location. 



usage than originally expected. The 
remote control capability justified the 
new systems, but the increased accu- 
racy of the synthesized frequency and 
programmable attenuation allow the 
full value of the systems to be 
employed. 

Receiver Operational Test 

The third example of a receiver test 
situation involves a surveillance re- 
ceiver system whose mission is to 
analyze and classify the short-term 
stability of incoming signals. The re- 
ceiver system consists of an antenna 
and a set of octave band tuners 
mounted on a tower. The processing 
and analysis equipment as well as the 
system controllers are located at the 
base of the tower. 

The technique for the stability mea- 
surement is to inject a signal with a 
known short-term stability into the 

recelver as a calibration against the 
incoming signal. The requirement for 
the calibration signal to have a short 
term stability of 5 x 10°'°/100 msec 
dictated the use of a synthesized sig- 
nal source. Figure 5 is a functional 
block diagram of the synthesizer 
system. 

The simultaneous requirements of 
short-term stability, broad frequency 
coverage (1 to 18 GHz) and 100 Hz 
resolution were met with a Watkins- 
Johnson Model 1255 High-Resolution 
Synthesizer. 

The system is pictured in Figure 6, 
and Table 3 lists the performance 
characteristics. 

The remote control unit is located at 

the receiver operator’s console, while 
the rest of the equipment resides with 
the tuners on top of the antenna tower. 
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Table 3. Calibration System Performance Parameters. 

Frequency: Range . 1 - 18 GHz 
Resolution 100 Hz, minimum 

Stability 1 x 10°*/day, max. 

Short-Term Stability 5 x 10°'°/100 msec, max. 

Power Output (CW, zero attenuation) 

1 to 4 GHz —2 dBm, minimum 

4 to 8 GHz —5 dBm, minimum 

8 to 18 GHz —12 dBm, minimum 

Attenuation: Range 0 to 121 dB 

Resolution 1 dB, minimum 

Repeatability +0.2 dB 

Pulse Modulation 

Pulse Width 0.1 - 999.9 usec in 

0.1 wsec steps 

Pulse Repetition Interval 1 - 9999 usec in 1 usec 

steps 
Delay (External Trigger Mode) 0.1 — 999.9 usec in 

0.1 usec steps 

Rise/Fall Time 20 nsec, maximum 

ON/OFF Ratio 60 dB, minimum 

Accuracy 20 nsec or 5% 

Trigger: Internal or External 

(TTL Compatible) 

Separation of Remote Unit 300 feet 



strongest features of the system are: 1) 

its excellent short-term stability and 
2) its ease of operation. The frequency 

synthesizer typically has a short-term 
stability of 1 to 5 x 10-''/100 msec. 
This gives the receiver analysis 

equipment a clean base-line from 

which to work. The broadband cover- 
age, remote control capability, and the 

slew-control feature all contribute to 
the simplicity of operation. The ability 

to make real-time calibration tests 
from the operator’s control console is a 

definite advantage during missions. 
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Without such a system, the missions 
would be more tedious, and less 

productive. 

In all three examples given in this ar- 

ticle, the use of a synthesizer-based 
receiver test system simplifies the 
testing tasks by reducing time and ef- 
fort. In addition, the improved techni- 

cal performance of the test hardware 
combined with the lower incidence of 
human error increases the accuracy of 

the tests. Test data can therefore be 
treated with increased confidence. 
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