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Abstract

This paper discusses the design and fabrication of a reference signal generator for a naval radar system, including
the vibration environment test. The transmit signals of the S-band radar system are synthesized by the reference signal
and the phase noise must lower than — 130 dBc/Hz at a 10 kHz offset frequency. To achieve this specification, the
phase noise of the reference signal needs to be less than — 165 dBc/Hz at a 10 kHz offset. For achieving very low
phase noise performance by the reference signal generator, the phase locked loop technique is applied with a 10 Hz
loop bandwidth. Also, this reference signal generator has +0.35 ppb short-term stability to minimize instant phase
errors and high vibration sensitivity against a ship's shaking, unbalanced rotating of antennas and so on.
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I . Introduction

In a radar system, the phase noise, the spurious noise
and the frequency stability are the most important fac-
tors in determining a radar's performance. These factors
include MTI(Moving Target Indicator), Doppler charac-
teristics, coherency, clutter suppression, dynamic range
and so on!"""" In addition, a radar system mounted on
a ship must have high vibration sensitivity to reduce the
noise caused by vibrations from the environment, such
as the ship's shaking and the unbalanced rotating of
antennas’®™ . In this paper, the reference signal genera-
tor for a naval defense radar system is fully analyzed
with respect to the electrical requirements and the vib-
ration sensitivity. One major limiting factor for radar per-
formance is the phase noise from the system signal
source. Due to this phase noise, weak targets can be
hidden by strong unwanted echoes, even if they are
separated by Doppler shifts. This is especially critical in
the case of small Doppler shifts as shown in Fig 1.

In order to satisfy the requirements of the radar sys-
tem, a frequency signal source with a high degree of
spectral purity is absolutely essential®.

Another important factor is the spurious signal. When
this signal is within the unambiguous range, it will
appear in the range profile and reduce the dynamic
range of the receiver. Therefore, the spurious level
beyond the signal must be suppressed below the level of
the system's requirements. Also, frequency errors during
the transmitting and receiving of a signal generate a
phase error and degrade target resolution, so the short-
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Fig. 1. Phase noise is an important factor in the Doppler
radar system.

Fig. 2. Most parts of the radar system are positioned in
the mast.

term stability of a reference signal is very important. As
mentioned above, vibration sensitivity is an important
specification for the oscillator, which is used on moving
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objects, especially ships, because most naval radar sys-
tems are positioned on the mast as shown in Fig. 2. In
this paper, we show the phase noise performance in vi-
bration conditions and the vibration sensitivities at each
axis.

II. Design and Fabrications

The block diagram of a reference signal represented in
Fig. 3. Each Phase Locked Loop(PLL) block of the re-
ference signal generator is divided into a primary cha-
nnel and an auxiliary channel for emergency conditions.
This has the function of monitoring the lock detection.

The specifications of the 10 MHz reference Oven Con-
trolled Crystal Oscillator(OCXO) and the 80 MHz Vol-
tage Controlled Oven Controlled Crystal Oscillator(VC-
OCXQ) are described in Table 1. Since the phase noise
of VCOCXO is better than that of the 10 MHz OCXO
above 30 Hz, the loop bandwidth needs to be within 30
Hz so as not to degrade the phase noise performance.

The 80 MHz VCOCXO is locked onto the 10 MHz
reference OCXO, which is referred to as PLL. It has the
merit of phase noise and stability performances'”.

The designed reference signal generator is shown in
Fig. 4. The 10MHz reference OCXO is situated on the

Table 1. Specifications of oscillators.

OCXO VCOCXO
Frequency(MHz) 10 80
dBe/Hz@10 Hz 120 - 100
dBo/Hz@100 Hz | —150 —130
Phase | ipotz@l kHz | —160 —158
noise
dBc/Hz@10 kHz —165 —174
dBc/Hz@100 kHz —165 —174
7 MWZVCOCXG
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Fig. 3. Block diagram of the reference signal generator.
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(a) Top view

{b) Bottom view

Fig. 4. Designed reference signal generator.

top side as in(a) and the PLL part, including 80 MHz
VCOCXO, is configured as shown in (b).

This unit was designed as a vibration-proof structure
with high vibration sensitivity by spacing each compo-
nent symmetrically. It is noteworthy that the designed
unit shows high vibration immunity, good frequency sta-
bility and very low noise performance.

1. Measurements

3-1 Phase Noise Characteristics

Results of the phase noise and spurious level of the
80 MHz output signal are shown in Fig. 5. Measure-
ments were performed by using the Agilent E5052B
Signal Source Analyzer, which has single side band(SSB)
phase noise sensitivity of —178 dBc/Hz at a 100 kHz
offset frequency. The measured phase noise is —167
dBc/Hz at a 10 kHz offset and that of the second har-
monic is —70.3 dBc.

Table 2 shows that the measured results satisfy the
requirements for the reference signal generator.

3-2 Frequency Stability Characteristics

The frequency stability affects system coherency and
degrades the resolution that reduces the probability of
detection of the radar and the accuracy of distance mea-
suring devices. Frequency stability is mostly affected by
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Fig. 5. Measurement results of the phase noise and the
spurious level.

Table 2. Specifications and measurements of the reference
signal generator.

Spec. Measurement

Frequency(MHz) 80 80
Power(dBm) 10+1 10.1
Harmonic(dBc) —60 —70.3
dBc/Hz@100 Hz —125 —139
Phase dBc/Hz@1 kHz —145 —157
noise | 4Be/Hz@10 kHz | — 165 -167
dBc/Hz@100 kHz —170 —173

the reference oscillator and the loop bandwidth in the
phase locked loop.
There are several methods for estimating the fre-
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Fig. 6. The measurement setup for the frequency stability.

quency stability of the signal[”]. In practice, the root
Allan variance is used for the short-term stability and
is described in equation (1).

J 50X )
o,(0= 2(n—1) M

where,
y=fractional frequency deviation
7 =measurement time for each frequency reading
X~=frequency reading
n=number of frequency readings

The measurement setup for the short-term stability is
shown in Fig. 6. The frequency stability is measured by
using an Agilent 53131A frequency counter and an
Agilent VEE Pro 7.5. Fig. 7 plots the output frequency
generated by the phase locked loop. It is measured as
the real time frequency per second of the PLL output
signal for 10 minutes after the power is turned on. The
output frequency is stabilized to 80 MHz after 5 minutes
for warming up the VCOCXO and Fig. 8 shows the
calculated result of the accumulated Allan variance after
warming the VCOCXO by equation (1).

The estimated Allan variance of the 80 MHz output
frequency is 0.35 ppb after stabilizing and the stabilized
frequency after VCOCXO warming is 80000006.34 Hz.
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Fig. 7. Output frequency of the reference signal generator
for about 10 minutes.
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Fig. 8. Frequency stability estimates by the Allan variance,
which is derived from equation (1).

So, the initial frequency accuracy of the 80 MHz output
signal is about 0.08 ppm.

3-3 Vibration Tests

In general, shipboard equipments must have high vib-
ration sensitivity against operational vibration conditions.
The vibration power spectral density profile is shown in
Table 3. This is defined in mil-std 167-1A", The de-
signed reference signal generator was fabricated for a
naval radar system where military standards must be met.

Fig. 9 shows the reference signal generator mounted
on the vibration platform. The selected vibration plat-
form is the V860-HD-C by Ling Dynamic System. The
vibration performance is measured on three orthogonal

Table 3. Vibratory displacement of environmental vibration
for mast-mounted equipment.

Frequency range(Hz) Table single amplitude(inch)
4 to 10 0.100+0.010
11 to 15 0.030+0.006
16 to 25 0.020+0.004
26 to 33 0.010+0.002

Fig. 9. The reference signal generator on the vibration

test facility.
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Fig. 10. Phase noise measurements of the x-axis in the
vibration conditions with a 33 Hz frequency.

axes to determine the vibration sensitivity.

Fig. 10 shows the phase noise results in vibration
conditions. The blue line is the pre-test results and the
red line represents results during the test with vibration
along the x-axis. As a result, the vibration has no effect
on the phase noise curve, but the excited vibration tone
appears in the phase noise spectrum related to the vi-
bration sensitivity.

The vibration sensitivity on the specific axis can be
expressed as the fractional frequency change due to sinu-
soidal acceleration.

20

L/
= | )
f, : Offset frequency(the frequency of the vibration
tone)

#. . The carrier frequency

a,: The vibration magnitude determined by the acce-
lerometer output

L(f,) : The magnitude of the rms phase tone mea-

sured from the SSB phase noise plot

The vibration sensitivity of 33 Hz vibration tone on
the x-axis is calculated as follows.

121



JOURNAL OF THE KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE, VOL. 9, NO. 3, SEP. 2009

B 1E8 —a—X_axis
< - Y_axis§
g —A—2_axis
> [ S o
=
g€ 1E9, u .
< F -p-a. u-u
g /;ia\ .\._--I-l'.'.'. S ) @ﬁs
8 \€ aﬁ&%sjfﬁ“"‘ At
5 BB S b A A
£21e10{ 4 PRV Y T

T T T T T T . T

10 15 20 25 30 35
Vibration frequency (Hz)

Fig. 11. Vibration sensitivity of each axis from 10 Hz to

33 Hz.
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Fig. 12. Vibration sensitivity of the reference signal genera-
tor.

#,=30 Hz

a~1.8

£,=80 MHz
L(f)=—51 dBc/Hz

So, derived.
[ogy=1.17x10"°

Fig. 11 shows the vibration sensitivity of the reference
signal generator along the X, Y and Z directions.

The vibration tones were excited from 10 Hz to 33
Hz and their magnitudes were measured from the SSB
phase noise plot. The vibration sensitivity was derived
by equation (2) in the X, Y and Z directions respectively.
Combining the vibration sensitivity on each axis gives
gamma, which means the vibration sensitivity of the
reference signal generator. The magnitude of gamma is
shown in equation (3).

re+ri+r: (3)

The calculated gamma for the reference signal gene-
rator is shown in Fig. 12.

The vibration sensitivity(gamma) of the reference sig-
nal generator is about 7.51x10 '%/g.
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IV. Conclusion

In this paper, we showed that the proposed reference
signal generator has good noise performance, including
short-term stability and vibration sensitivity.

In a radar system, MTI, clutter suppression and re-
solution are very important characteristics. The fre-
quency synthesizer and the reference oscillator make the
main contributions to these results. Since the transmit
signal is synthesized from an 80MHz reference signal,
this reference signal should have low noise performance
and good stability.

The designed reference signal generator exploits the
PLL system to achieve the phase noise specification of
the S-band transmit signal and to satisfy the need for
short-term stability. Also, naval radar systems are expo-
sed to vibrations such as the ship's shaking and the an-
tennas' rotation. Therefore, equipment mounted on ships
needs to have sufficient vibration sensitivity.

From these results, we showed that this reference
signal generator provides good performance and can be
used in naval radar systems.
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