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Introduction

A simple and low cost doppler radar can be
constructed by using a Gunn diode both as a
transmitter oscillator and a receiver mixer. The
radar has neither a mixer diode nor a circulator.

This paper presents analytical and experi-
mental results of the doppler radar. A burglar
alarm using the radar has been developed.

Analysis

The Gunn oscillator acts as a self-excited
microwave mixer when (a) the incoming signal level
is very weak, or Pin/Pout < (Af/£.0¢)2, 1,2 and
as a phase locked oscillator when (b) the signal
level is very strong, or Pin/Pout :>(£5f/f-Qe)2.3
The oscillator can not act as a mixer in(b), but
as a radar receiver in (a) and also in (b).

Case (a). )2

In this case, we can analyze the radar
actions by a small signal method.4 In order to
obtain the differential conductance, we have
approximated the V — I characteristic of a Gunn
diode by straight lines as shown in Fig. 1. The
equivalent circuit of the mixer is shown in Fig.2.

Conversion gain L (=PIF output/Psignal input)
and the IF output admittance yp arve given by

Pin/Pout << (A£/f.0n
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where g, and gy are the zero and the first order
term of the differential conductance, respective-
ly, and ya and yp are the microwave and IF load
admittance. We see from numerical calculations
that the IF output conductance Re(Xﬂ )} is negative
and the conversion gain L is greater than unity
(Fig. 3).

We obtained 20dB of conversion gain in ex-
periment, where X = band Gunn oscillator was used
and IF frequency was 70 MHz.2 Noise figure was
as large as 40 dB.

Case (b). Pin/Pout > (Af/£-Qe)

Radar actions can be analyzed by use of
equivalent load admittance. When the target with
reflection coefficient @ is moving away from the
oscillator with velocity v, the oscillator per-
formances are given by the equations
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where the quasi-static condition is used under the
assumption that the external Q or Qe is smaller
than = C/2v.

The relative excursion of load conductance
and that of the oscillation frequency from those
at © = 0 are given as follows

%: ~2]o|cosg (5)
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where it is assumed that unloaded Q or Qg is much
larger than Qe, Bg = 0 and {o]| <« 1.

Do current is expressed as a linearly
increasing function of the load conductance. Let
us define the sensitivity S by

S A1/T
= NG6/6
where AI/I, is the relative dc current excursion

corresponding to AG., From Egs.(5) and (8),
AI/I, is written by

(>0 (8)

é%l = = 28| 0| cosg (9)

o

Egs. (5) and (9) are plotted by solid lines in
Fig. 4. Experimentally obtained values of I, and
f are given by dots and circles.

The de¢ current varies periodically, and the
period is the same as that of the doppler shifted
signal (T = (2fv/C)-1).

Maximum excursion of dc current AIM, ob-
tained in X — band Gunn oscillator (LD4027, NEC)
are given in Fig. 5 as a function of | #]. Dec
current excursion can be expressed as a linearly
increasing function of |o] or AG, as seen from
Eq. (9).

Application

A burglar alarm with the radar has been
developed. A Gunn diode oscillator is used not
only as a transmitter oscillator but as a receiver
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mixer. The block diagram of the alarm is shown go Qi ye ©

in Fig. 6. The oscillator is usually operated A( * -

under the condition of case (b) because of the LA .

large value of NF., Typical data are listed in

Table 1. Fig.2 Equivalent circuit of self-excited mixer.
Lonclusion

=064 , 1s*O3A ., Vin= 4V,
A doppler radar using a Gunn diode both as a Ke-OISA/V. Ke» ~003AN,
transmitter oscillator and a receiver mixer has

been examined analytically and experimentally.
It can be operated regardless of the incoming
signal level. A burglar alarm using the radar
has been developed.
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Conversion gain  (d8)

3

Table 1. Typical performance data of a IF lood G Re(Yb) Refya)
Gunn diode burglar alarm. Fig.3

Conversion gain L as a function of ac
voltage Vi and normalized IF load conductance

Frequency (GHz) 9.2 - 10.2 Re(yp)/Relyp)-
Output power (mW) 17 a0z . o
Qu=170
Bias voltage (V) -9 ol Sro0 . -
Dec current (mA) 300 2 e ?;} e oo
£ A 3
Sensitivity S 0.05 : B &
- 7 5 -
Detectable range (m)* 50 £ 5
ER . 961t ?
* wused a parabolic antenna of 25 cm diameter. 8 o . ,M':
References aoe ¢
0 EZ) * s e oma w
1. B.W. Hakki, "GaAs Post-threshold Microwave Phose of the icod admttonce, 8 (radsan)

Amplifier, Mixer, and Oscillator" Proc. IEEE, Fig.4
Vol.54, No.2, PP.299-300, Feb., 1966.

2. S. Nagano, H. Ueno, K. Kondo and H. Murakami, y
"Self Excited Microwave Mixer with a Gunn { te 94136 °
Diode and its Applications to Doppler Radar", r::;ﬂ&

Trans., I.E.C.E. of Japan, Vol. 52-B, No.3,
PP.179-180, March 1969.

3. R. Adler, "A Study of Locking Phenomena in
Oscillators", Proc. IRE, Vol. 34, No.6,
PP.351-357, June 1946.

4, H.C. Torrey and A.C. Whitmer "Crystal
Rectifierg", McGraw-Hill, 1948,

5. J.C. Slater, "Microwave Electronics" McGraw
Hill, 1950.

6. S. Nagano and M. Suga, 'Large Signal Analysis
of a Gunn Diode for Circuit Design", Papers of
Technical Group on Microwaves, I.E.C.E.,

Oscillation frequency f, and dc current
I,, as a function of phase 6.

Moximun emcursion of d¢ current  Alw (mA}

] Ql a2 03
Retlection coefticlent {P|

Japan, April, 197L1. m Fig.5 Maximum excUu¥sIOnN OraCc CUrTent as a
5 o Ng function of reflection coefficient |p|.
[N .
s Do _bias  guqi0 Controt
Amplitisr Circuit
o
t
;.43, Voitoge S ) ___.q Alarm
] 't:"mm Sacliator or et
s,
Fig.1 Model of Gunn diode dynamic current- Fig.6 Block diagram of a Gunn diode burglar
voltage characteristic. alarm.

173



