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Abstract

A lCYW noise X bsnd oscillator, stabilized by a micrcwave

L13ppler Pad= applications. It uses a Gunn varactor VCD and a
noise of this source is Single Sid_ w of - 90 iiB in a I

god accordance with calculated figures,

Introduction

Mxkern airba-ne radars recpine high performances

microwave sources gathering fast tuning and goad
short term stability for doppler signal process. Tow

FM noise solid state sources usuallyrequire rrulti-
pliers and one or nrxe crystal oscillators as refe-

rence. Sane other low noise sources are cavity stabi-

lized with high Q mechanically tunable devices. That
king of oscillators dces not satisfactory suit air-

kmrne equipemmts with hard tqrature and vibra-
tions conditions. The technic er@oyed here is the

phase discrfimtir using an acoustic bulk-wave
delay line in an interfercm+er arrang~nt. The

acoustic device operates as a high Q cavity but with
a wide frequency range and a low vibration sensitivi-

ty.

Principle “of operation —

According to figure 1 the stabilized source

consists of an X band VCO and a phase discriminalxr
including power divider, delay line and phase detec-

tor. The phase lock lcop is closed by a video an@i-
f ier and a switch.

- The VCO is a gunn varactor oscillator

- The pwer divider is a double directional coupler
with three outputs

- The phase detector is a balanced. mixer with low

noise doppler diodes

- The vial= anplifier output controls the VCO varac-

tor

- Eventually an analcgic O - 2 r phase shifter allows

an adjus-nt of the discriminator oprating pcint.

The @e of operation of the loop is firstly

dependent of VCO, discriminator and arq?lif ier charac -
teristics.

Output frequency F of the locked source is

F
MHz

=FF-SVDG (1)

where FF in MHz is the free frequency of the VCO with
a null error voltage on the control input.

S in MHz\volt control sensitivity of the VCD

VD in volt phase detector output voltage
G video a@ifier gain

The discrimina tor is characterized by the following
expression

VD=ksi.n(2~TF-~.) (2)

delay line di.scr iminator has been designed for

bulk-wave . 5 us delay line. The ~asured phase

kHz band at 103 kHz from the Carrier, in fairly

with k in Voltlradian : sensitivity of the phase
detector

-c in US : delay t~ of the acoustic device

y. in radian : insertion phase provided by the

phase shifter

Figure 2 represents these two equations on a VD versus

F diagram. The equation (1) gives a straight line

with rrcderate slope if the S .G prcduct is high. For

linear mixer operation, according to (2) , the delay
line discriminator presents a sine curve with a
period

FO=~ and a ‘(O dependent origine.

Intercepts @nts of these two curves are approxima-

tely & spaced and the operating mint is given by

the @sitive section of this sine-cuxve nearest to
tie FF pint. Fran (1) and (2) and with VD -Ii,
cwrespnding to the low slope of cz.uve (1) , the
expression of the output frequency is :

FF

‘=l+k2r~sG
+& (3)

According to (3) fluctuations of FF are ccntpressed

by the lcop gain (k 2T T X) , but F remains dependent.
of ~.. A phase shift of 2Tr provides a frequency shift.

of ~. The residual FM noise of the lccked source,

at w off the carrier, is given by :
A FF (u) N (u)

AF (u) =
l+k.2~~SG+m

(4)

with A FF (u) : FM deviation of the free VCO

N (u) : AM noise of the lcop on the anplifier
input.

The design and its characteristics

For airbxne doppler radars the f rquency range
of interest is the 3 to 103 kHz band. The loop band-
with must k fitted to that range in function of other
devices characteristics. With a VCO FM noise ticrea-
sing at low frequencies, the first term of (4) is
preponderant at these frequencies, and the second

term is higher for high frequencies. The higher the
discriminator sensitivity (k 21T T) the lower the
residual FM noise iS. But the delay time (T) and the

k term have o~site variations since k is dependant
of +he delay line Oukpllk level.
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In bulk wave lines, nmd.crate insertion losses are

attainable with m&kh_nn bandwith. Typically in a X

band acoustic device losses are :

- 18 dB in the acoustic material for 1 us delay time,

and

- 12 dB for each transducer with 10 % bandwith or

21 dDwith 25 % bandwith.

A preliminary design of stabilized source was

tested with a maxial delay line having 20 dB inser-

tion loss and 75 ns delay tti ti verify the expres-
sion (4) . The values obtained were barely higher

than calculated figures. Then the acoustic device
stabilized source was realized with the following
conpnents :

An X band Gunn varactor VCO electronically tunable

on a 5CX3 MHz range with 120 ti output pwer and a
FM deviation of UX3 to 2C0 Hz/~z (figure 3a).

A bulk wave delay line su@i&i by Teledyne MEC

type 7938.

lklay time : 0,5 PS Insertion loss : 37 d3

Center frequency : 10 GHz Eandwith : 503 MHz

A low noise balanced mixer and a wide band video

anplifier having a 6 dB/octave decreasing gain at
frequencies lower than 3CX3 kHz and constant gain

-r that.

With abut 60 nti of microwave pmer on the acoustic

line input, the phase detector sensitivity is

k = 55 mV\radian and the discrininatir sensitivity

is k.2m T = 172 mV/MHz.

Fr~eTIcy tuning is set in 2 MHz steps with--- --- ------
reference voltage applied to the VCO varactor in an

open lcop tie. Fine frequency adjustrrent is obtained
by setting a O - 21T microwave phase shifter inserted

in one discriminator arm.

The measured and calculated FM noise of the stabili---------
zeal source is given on figure 3 curves (b) and (c).
These two results are in gcod accordance for high
frequencies but a 3 dB to 9 dB gap appears between

masured and calculated values at low frequencies.
The main causes king probably any intermdulation

problem and inaccuracies of the noise kench. Other

tests were performed during vibrations in !33 to
21W3 Hz range. A 10 dB d~adation could k observed

at low frequencies for a 10 g vibration level. This

effect is firstly irputed tm an @rtant increasing
of the V(X3 FM noise at these frequencies.

~eature stabili~ masuremmts on the delay line-.--.------T----
and on the solld state source aive a - 24 PPM/”C of

Conclusion

A new nnlel of microwave low noise oscillator

has ken designed and tested, using a bulk-wave

delay line as reference. &xxl ~formances are obtai-

ned with this kind of stabilized source in canparison
with crystal sources. Figure 4 represents the corres-

ponding two phase noise curves of typical bulk-wave

delay line and crystal stabilized sources. Crystal
sources are the best close to the carrier but around
lCD kHz off, this new solid state source presents

better performances with a nmre sinple design. Other
advantage is multi-frequency capability with the
source reference device. These sources seem well-
-suited for airkome equipments and missiles where

Eoppler frequencies of interest allow gccd perfor-
mances in X or Ku band.
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