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ABSTRACT

This paper presents some static and dynamic stability results achieved with Ka band Impatt oscillators. The
design features needed to achieve these results and the critical measurement problems are also considered.

Introduction

The most common pump source for paramps in the
U.K. is an Impatt oscillator operating in the frequency

range 33-41 GHz. Generally, these oscillators must

have at least a 500 M8z mechanical tuning range and

provide up to 150 mW of output power. Since AM noise

from the pump far from the pump frequency can degrade

the paramp noise temperature, each pump source is
fitted with a 2 or 3 section 500 MTlz bandwidth filter.
A photograph of a typical pump source is shown in
figure 1.

It is well known that paraqs are very sensitive
to changes in pump power and frequency, hence one re-
quires a very stable pump source in order to produce a
stable paramp. This paper describes the stability that

can be achieved with a free-running oscillator and the
design features necessary to achieve these results,

together with an examination of the measurement prob-
lems involved.

Oscillator Construction

A sketch of the oscillator is shown in figure 2.
The capz circuit is used in preference to the
Kurokawa3 or reduced height waveguide4 circuits
because of its mechanical ruggedness and compatibility

with the r.f. characteristics required.

The diodes are silicon single-drift devices pro-

duced within these laboratories.

Measurement Apparatus

The paramp specifications demand that the os-

cillator power and frequency remain within +0.03 dB and
*5 MHZ, respectively, over 8000 hours operation. For
good measurement accuracy one would like a measurement
uncertainty one order of magnitude lower than these
values, i.e. tO.003 dB and tO.5 MHz; this demands an
exceptionally high precision test bench. This is shown
in figure 3,

The room ambient temperature is maintained within

+l° C and the a.c. supply voltage is held within *1 V.
The contributions to the measurement uncertainty are

given in Table 1 from which it can be seen that the

target of iO.5 MHz frequency uncertainty over 8000
hours is achieved with the phase-lock technique5 shown

in figure 3. However, the power measurement uncer-
tainty is N +0.016 dB which is considered inadequate
but it is, nevertheless, the best that can be achieved.
Thermistor inaccuracy, claimed by the manufacturer to
be within t(O.2% of reading +; pW) i.e. iO.009 dB, is
the major source of this power uncertainty. The re-
quired 13 dB attenuation between the oscillator and

thermistor is provided by a coupler rather than by an
attenuator because of the possibility of ageing with
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TABLE 1 Contributions to Measurement

Uncertainty ”over”8000’Hotirs —

Source of Error Power Uncertainty, dB

Waveguide switch reset tability +0. 002

Reconnection to test bench *0.002

Thermistor inaccuracy *O. 009

i(O.2% of reading +; vW)

Oscillator temperature

variation

Oscillator bias current
variation

to. 00:?

*0.001

TOTAL to. o16

Source of Error Frequency Uncertainty, MSz

Synchroniser’s crystal

frequency instability
fooo2

Counter instability 30.01

Oscillator temperature
?0. 1

variation

Oscillator bias current
fool

variation

TOTAL to. 14

the latter. It is necessary to apply corrections to
the frequency measurements for variations in the am-

bient atmospheric pressure and water vapour pressure.
The coefficients of the oscillator frequency are
-0.32 ppm/mm of Hg and -4.8 ppm/mm of Hg respectively.

Static Stability

One should distinguish between two types of

stability, namely static and dynamic. Static stability

refers to operation of the oscillator under nominally
constant environmental conditions, e.g. oscillator

attached to a test bench at room temperature. Dynamic

stability refers to changes in oscillator power and

frequency as a result of subjecting the oscillator to
various environmental tests, e.g. storage at -500C,
vibration etc. , and this will be considered in the next
section.

Static stability is a function of the measurement
period. Short term stability (<<1 minute) is described

by AM and FM noise. The AN and FM noise of one of

these 150 mW oscillators is shown in figures 4 and 5.
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These results are believed to be some of the lowest
reported values for this type of oscillator and are a

consequence of the diode design.

Medium term stability (<1 hour) is primarily

determined by the bias current stability and temper-

ature stability of the oscillator body. Typical

results are:

aF ~

x
= 0.6 MHz/mA , ~1 = 4mW/mA

aF
-1.5 MHz/”c ,

ap

m= m=
-0.03 dB/°C

Long term stability (> 1000 hour) is primarily

determined by ageing effects. Results will be pre-
sented of the 8000 hour stability test mentioned in

the previous section.

Dynamic Stability

Figure 6 shows the maximum permitted changes in

power and frequency of an oscillator after subjecting
it to the environmental tests listed in the figure,
together with the actual results achieved with a
typical sample. These environmental tests are rele-

vant to airborne use. It should be remembered that

the power measurement uncertainty is N fO.016 dB.
Also, no correction haa been made for atmospheric

changes.

To achieve a 5 MHz frequency stability for a

40 GHz oscillator means that the distance between the
cavity end plate and cap-post in figure 2 must not

move by more than 1 part in 104, i.e. 1 ~m in this
case! This has been achieved by the use of an offset
spring and an anodised aluminium choke as shown in
figure 2. Other insulants such aa enamel, tape and
PTFE between the choke and body have been tried but

none have produced such good results as an anodic
coating because of the latter’s surface hardness.

To achieve an adequate stability during the 90° C

dry heat test it has been found necessary to thermally
cycle the isolator approximately 10 times between

+60 and +90°C prior to assembly of the oscillator in
order for the device to pass the stability test. This

reduces the hysteresis in the isolator’s ‘S paramters
(in particular that of the input vswr) vs.

temperature which otherwise can cause a permanent fre-
quency change of some MHz following this test.
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Figure 1
Photograph of a typical oscillator
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Figure 2
Schematic diagram of the oscillator
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