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Fig. 2. Numerical results to indicate dimensions to satisfy the two
matching conditions for the case of LiNbOs and LiTa08 crystal.

.8

.6

W2
T

.4

.2

0

— LiNb03
------ LiTa03

h,

‘Fig. 3. Relation between the two widths WI and ‘Wz for the ease of
LiNb03 and LiTaO~ crystal.

thus achieved, the final bandwidth of a modnlator using a quasi.
TEMline islimited by the dispersion characteristics at, high micro-
wave frequencies.

Note Added in Proof: The length and the transveme dimension of
traveling-wave modulators will eventually be limited by the diffrac-
tion effect of the laser beam [1], [2]. This limitation is also important
in order to achieve the modulation with miniium power/bandwidth.
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A MIC Phase-Locked Loop Avalanche

Oscillator in X Band

J. SALMON

Absfracf—This short paper describes the design and performances

of a MIC phase-locked loop X-band avalanche oscillator. The output

power (500 mW/CW), the input reference level (1 mW), the lock-

ing time (80 ns), and the simplicity of digital phase control makes

it very attractive as a primary element of an active phased array.

INTRODUCTION

Solid-state active phased arrays have always appeared attractive

in radar applications. First, because the inherent losses of the

passive phased array (more than 3 dB on signal at high microwave
frequencies ) are avoided, and second because these arrays are prob-
ably the best way to realize a powerful solid-state transmitter.
However, these arrays can be expected to achieve industrial applica-

tions in radar only if the structure of each element is not too sophis-
ticated.

Two approaches to solid-state arrays were considered until now.
In the first approach, phase shifting and amplification were achieved
at a lower frequency (S band, for instance, in the MERA [1]) and
a high-power multiplier provided the right frequency. In the second

approach ph=e shiit and amplification were directly achieved at the
right frequency. In both cases, phase shifting was made by quantified

microwave phase shifters at low level, and amplification was made

either by transistor or diode amplifiers (multistage). Altogether,

that makes a great number of microwave (expensive) components.
The phase-locked loop (PLL ) oscillator seems to be an economical

way to realize high microwave gain, especially in X band and above.
In addition, quantified phase control can be achieved easily by

commutation at video frequencies instead of microwave phase
shifters. The study presented below is the first step in the realization

of an active element of an X-band phased array.

THEORETICAL BACKGROUND

The PLL principle is shown in Fig. 1 [2]. A portion of the signal
provided by the voltage controlled oscillator (VCO ) on one side
and the reference on the other side enters a phase detector (PD ). The

output signal of that PD is sent through the baseband am@iiier to
the frequency control (varactor ) of the VCO.

For a PLL, frequency synchronism is achieved throughout a band
B when we have the following:

B G.KS.

Go Baseband amplifier (BBA ) gain.
K Characteristic slope of the PD (V/rsd).
S VCO’S control characteristic (MHz/V).

For the system under study, the technical requirements were:
minimum synchronization bandwidth B = 30 MHz; reference signal

power: 1 mW (which leads to a PD characteristic K of 0.3 V/rad
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as we will see further).
The mmdtiug characteristic of the BBA and VCO are

Go = 20 (26 dB )

S = 5 MHz/V.

Stability is obtsined when overall phase shift of the loop is lees than

180° in the l-dB bandwidth [3].

DESIGN

The system is designed to be inserted inta a phased array that

needs a cross section smaller than half a wavelength square (exactly
1.8- by l.tkcm in X baud [4]). Consequently, thin and thick film

technology had ta be chosen.

VoZtuge Coatroi2ed AtxzJ.anrlw Oscii!fator (VCAO)

The MIC VCAO is shown in Fig. 2. An S1 avalanche diode chip is

mounted at the end of a A/4 low impedance resonator. This resonator
is coupled on one side tQ another resonator tuned by the varaetor
and on the other side to the WI-Q output line. An S characteristic of
5 MHz/V is obtained by tight coupling of the varaetor. The results
are a 1- of power of 1 dB and a reduction of the fij f actor. The corre-
lative temperature sensitivity had to be compensated by insertion

of Titania on the h/4 reeonator.
The 6nal characteristics of the VCO are: eentwd frequeney:

9.3 GHz; bandwidth of electronic tuning: 150 MHz (Fig. 3); control

characteristic slope more than 5 MHzlW; the output power is

greater thau 500 mW for an input power of 11 W; the frequency drift

in the temperature range —40° + 71°C is equal to 15 MHz.

Phuse Detector (PD)

The PD is a classical MIC balanced mixer .t~t wws Schottb

barrier diodes. Fig. 4 presents the schematic view of this PD.
A portion of the VCO signal (POL) is used as local oscillator

(strong signal). The reference signal is sent at the other end. Fig. 5
shows the video output voltage versus reference sig@ power PIZ

lgnal input

Rig. 4. Phase detmtor.
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Fig. 7. Gsin/phase BBA performznres.

for different POL. A slope of 0.3 V/rad was chosen, which corresponds

to POL = 2.5 mW and PR = 1 mW. With theze conditions the
bandwidth of the PD is greater than 300 MHz. The bandwidth of

the microwave circuits (phase and amplitude) are given in F%- 6.

Boselwnd Ampkjier (BBA )

To meet the bandwidth requirements, this amplifier has to

provide an output voltage of 10 V peak to peak from O to 50 MHz
with a gain of 26 dB. If we consider the phase-amplitude chamcter-

isties of the microwave circuits (Fig. 6), the stabtity is securely

obtained if the phase shift in the O-dB baudwidth does not overcome

45° (en additional phase shift of 90° being due to the integration in
the loop [2]). ‘

A two-st~e differential amplifier waa adopted to get thm verv

high perfor&mces. We chuse ~wo 2 N 2867 at the input and fo~
2 N 4261 at the output. The differential input allows, by simple
commutation, an inversion of the phase of the locked Po~i~on

(i-e., a 180° phase shift). The differential output makes the achieve-
ment of dynamic charaderisties easier. Fig. 7 gives the amplitude

and phase response of the BBA versus frequency.
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Fig. 8. Phase-locked loop oscillator.
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Fig. 9. Gain/phase PLO performances.
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Fig. 10. FM noise in l-kHz bandwidth.

PHASE-LOCKED LOOP RESULTS

The three elements were connected as shown in Fig. 8. For the
study’s flexibility of the BBA, thick film technology was chosen in
order to be able to adjust some elements and also to include discrete

components. Thetotal results inthewhole temperature range (—40~,

+71°C ) are as follows: reference signal input level: 1 mW; synchroni-
zation time for +20 MHz offset: 80 ns; maximum synchronization

frequency offset: +30 MHz; andoutput level: 500mW.

Thetransfer function in closed-loop operation wmmessuredby

injecting omerror signal in the symmetrical input of the differential
BBA. Theresults areshownin Fi&9 (note agloba13-dB bandwidth
of 57 MHz). Thetransformation inthe Black–Nichol’s diagram [5]
shows a“phese “margin” of 35° and a gain “margin” of 9 dB. This
allows a good stability in series production.

The reference being a low noise VCXO, the FM noise was meas-
ured by phase detection between the output of the avalanche
oscillator and another low noise V(3XO signal. The results (Fig. 10)
show that the phased-locked loop avalanche oscillator (PLLAO ) is
compatible with Doppler radar applications [6]. Free running FM
noise is presented on the same figure to show the drastic improvement
brought about by phase locklng

APPLICATION TO ACTIVE PHASED ARRAYS

The PLLAO described can be easily phase controlled by video

(lOW price) commutation between PD and BBA, with the arrange-
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Fig. 11. Element diagram.

Fig. 12. Active-phased army element.

ment shown in Fig. 11. This figure is the schematic diagram of a

2-bit phmed-array elementary source.
The fixed-phase reference is sent to two PD’s with a differential

phase shift of 90°. The output of one of these is selected by a logic

control, and sent to one input of the BBA. By changing on one end

this input, and on the other end the PD selected, one can lock the
VCO on four phase positions 90° apart.

The VCO is used as the transmitter with a duty cycle of 0.5.
During the reception it is used RS locaf oscillator. Reference fre-

quency and phase control are changed between transmission and
reception. A mockup of thiz element is shown in Fig. 12.

On this figure, we can see on the first side, the circulator, the VCO,
the two PD’s, and on the other side the BBA, the phase logic con-
trol, and the mixer and IF preamplifier.

CONCLUSION

The excellent performances obtained on the PLLAO, its aptitude

to an easy digital phase control, and its low noise properties open a
new path in the active phased arrays field. In fact, competitive

applications in radar will be really considered only with the develop.

ment of Iugh-efficiency avalanche diodes ( GaAs ) which can be ex-
pected in a few years.
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