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Abstract

The high internal Q and the presence of two coupling ports greatly complicate the
accurate determination of the Q and coupling factors for the transmission cavities

used in the stabilization of microwave oscillators. Most signal sources used in

microwave measurements do not have sufficient carrier stability to allow VSWR measure-
ments on resonators with Qts greater than 10,000 and a dynamic or sweeping method is
required. This paper uses a method based on readily available eweep oscillators. A

system for proper termination of the ,,unused?l port is described. The most significant
advantage of the method is the small amount of time required to take and process the

data.

Introduction

The transmission cavity (Fig. 1) used for

the stabilization of microwave oscillators is

usually a TEoln right circular cylindrical

resonator with n ranging from 1 to 5 and the

unloaded Q from 10,000 to 50,000. This high
Q. and approximately critical coupling makes
the measurement of quality and coupling fac-

tors by slotted lines very difficult unless
an unusually stable signal source is used and

a Power meter used as a standing wave indica.
tor. We have expanded a method previously

given for one-port resonators to quickly and

accurately measure these high Q two-port res-
onators,

Definitions

The usual definitions applied to a two-
port cavity are;

= unloaded Q of cavity

= external Q of input circuit

= external Q of output circuit

= loaded Q of input circuit =

Qo QEI

Q. + QEl

= loaded Q of output circuit =

Qo‘+
Qo + QEZ

QL12 = total loaded Q, losses in cavity,
input circuit, and output circuit

Also

Q.
$1 = — = standing wave ratio o at res-

QEI onance looking into input

coupling with load discon-
nected from output- circuit
if @l>l; otherwise o = 1/~1

Q.

Y1

Y1

Y2

Y2

QL2
= — = o at resonance looking into

QE1 input coupling with matched

load connected to output
circuit if yl >1; otherwise

o = l/yl

B,

‘~

QLl
=—

QE2

P.
. ——

l+pl

where we have designated port 1 as the oscil-

lator side of the resonator and port 2 as the
output side. The coupling factors are typi-
cally 0.3< @a<0.7 and 1.3< 51<1.7.

Measurement Procedure

For our example, a TEolE stabilizing cav-

ity is used to demonstrate the measurement

procedure. For this cavity, the procedure is

to first measure the output port (No, 2) with

the input port terminated with a sliding

short. The short is adjusted until the re-
flection at resonance is minimized. This

position means that the losses at port 1 are
nearly zero and for this condition pa and Q.

are measured.

The microwave system of Fig. 2 is used on

each port for measuring quality and coupling

factors. The procedure for the output port
2 is:

1. The swept frequency signal generator is
adjusted to sweep through resonance and far

enough on each eide to view the region where
the reflection from the resonator is complete.

If the resonator Q. is expected to be high
(>5000) then the sweep rate should be slowed

by a factor of 2 while carefully observing
the trace. If the “depth of the dip” notice-
ably changed, the sweep rate is too high and
must be lowered. If the trace did not change,
the sweep can be set back at the higher rate

to facilitate viewing the display. Then slide

screw tuner No. 1 is adjueted eo that the
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incident wave signal shows no small dips or

peaks near the test resonance.

2. Set the precision attenuator to zero and

detune the wavemeter. Then adjust the inci-

dent wave attenuator to make the reference

line go through the bottom of the resonator
dip. (See Fig, 3a.)

3. Detune the test resonator and adjust the
precision attenuator until the line from the
reflected channel coincides with the line from

the incident channel. This is a measurement
of the reflection coefficient at reeonance.

Record the setting of the precieion attenuator

(2.7 dB for the example) and use thie value
with Fig, 4 to obtain another setting of the
attenuator (1.1 dB) which will determine the

half power bandwidth of the resonator.

4. Set the precision attenuator to this new

attenuation value and adjust the forward wave
channel reference line to coincide.

50 Retune the precision attenuator to zero

dB and retune the test resonator. Meaeure

the bandwidth fl-fa of the resonator as shown

in Fig. 3b. We have used the Af calibration
of the sweeper to calibrate the horizontal
axis of the scope trace in MHz/cm (0.2 MHz/cm

for this example). A eimple measurement of

length then gives f=-fl . For our example:

Af = 0.2 MHz/cm x 1.05 cm = 0.21 MHz

Now calculate:

f. 9438

QL=~=— 0,21
= 45,000

6. Adjuet the position and insertion of slide

screw tuner No. 2 to make the cavity appear to
be critically coupled; e.g., to minimize the

signal reflected from the cavity at resonance.
With the reference line at the same position
as in step 4, measure the bandwidth again.

(All we need here is to determine if bandwidth
increased or decreased in- comparison to that
measured in step 5.) If the bandwidth in-
creaeed , the resonator is undercoupled (~ <1).

In Fig. 3c, we see that the bandwidth in-

creaeed and the resonator is undercoupled.
From Fig. 4, ~ = 0.17, and

Qo = (~ + 1) QL = 52,600

Q.

Q =— = 310,000
ex P

The cavity is then reversed to measure
the unknown coupling at port 1. Usually, it
is more convenient to put a matched termina-

tion on port 2 and obtain the coupling factor

)’1 which is close to unity.

For the cavity of our example, Fig. 3d
shows a bandwidth of 0.4 MHz which leads to a
measured Q = 23,600 , y~ = 1.0, @l = (l+@a)

yl = 1.i7 ;nd Q. = 51,200.

Conclusion

The advantages of this procedure are the
short data processing time and adequate
accuracy , The measured cavity Q and measured4
oscillator Qx give excellent prediction of

stabilizing factors.
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FIG. 1. Cavity Stabilized Oscillator System
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FIG. 2. Equipment Arrangement for Q

Measurement

144



a.

c.

FIG. 3. Oscilloscope Pre
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FIG. 4. Plot of Undercoupled and OverCoupled
Beta, and Attenuator Setting vs.
Attenuator Setting at Resonance
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