DESIGN FEATURE

Q measurement of microstrip-
coupled dielectric resonators

Two practical fechniques allow accurate measurement
of unloaded and loaded Q and the coefficient of coupling
of dielectric resonators to microstrip lines.

A.P.8. Khanna, Senior Member, Technical Staff, LORAL Advanced Technology Laboratories, 5001-G Forbes Blvd., Washington
Business Park, Lanham, MD 20706
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much interest in the use of dielectric :
resonators in both active and passive :
microwave integrated cireuits.! To
date, the TEg; mode has been used
primarily, but a method of coupling
the HE;;; mode to a shielded micro-
strip line has been reported.® To
achieve the besi results, an accurale
characterization of the coupled di-
electrie resonator and microstrip line
13 essential, (a)
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Two practical methods have been Thead K
devised to measure accurately the -
loaded and unloaded quality factor of \\\\\\\\\\\\\\ N\ \\\\\
both the TEg,; mnd{.‘r ;{n{l HE;; muldc, Magnatic line el
as well as the coefficient of coupling e h
of a dielectric resonator to a micros e O

strip line. One method uses the com- ~—__
plex 8y, characteristic, while the '
other uses the Sz magnitude.

Figure 1 shows the coupling config-
urations for bnﬂ‘l mudels. The coupled 1. Configurations
resonator and mierostrip are enclosed for coupling the
in & metallic box that provides the TEg.; mode (a) and —
necessary shielding. The distance be-  HE;s mode (b) to o) '
tween the dielectric resonator and the microstrip.
microstrip line, d, determines the
coupling coefficient, . The equivalent
circuit in the rezonant plane for both
configurations is shown in Fig. 2.
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The normalized input impedance in - i
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the resonator plane of the equivalent I — , G 3
cireuit in Fig. 2, 5, = Z,/%,, can be z P z = z

expressed as

28

T =1 + — = = i
in T¥50,8 WV =
where : 2. This equivalent circuit for a dielectric resonator coupied to a microstrip line
Q. = unloaded quality factor and can be used for quality factor measurements.
feonttnned o p 230
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Q MEASUREMENT OF MICROSTRIP-COUPLED feontinued from p. 81)
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3. The loci of Qy, Qy, and Q, are shown plotted on the Smith

chart reflection coefficient plane.

§ = normalized frequency devia-
tiUn, {f T fﬂ_:lv"lfﬂ.

The resonant frequency of the di-
electric resonator is a function of its
diameter, D, and height, H, and the
distance, h, between the resonator and
the upper metallic cover, in addition
to the dielectric constant of the res-
onator and the substrate® Under
given shielding conditions—i.e., for a
fixed h—the coupling coefficient be-
tween the dielectric resonator and the
miecrostrip line is a function of d:
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where 5;; and Smﬂ are the real reflec-
tion and ?ransmission coefficients at
the resonant frequency in the resona-
tor plane, P-P*. The coupling coeffi-
cient also relates the various guality
factors hy

Qu=0QL 0+ 8 =8Q (3)

where

QL = loaded quality factor and

Q. = external quality factor.

In Eq. 1 the normalized frequency
deviation for Q, is §, = +1/2Q,. Us-
ing Eqgs. 1 through 3, the impedance
locus for @, and @, in the 3;, plane is
given by?!
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4. To increase measurement accuracy, the r = 1 plane can

be extended to the r = 0 circle so it covers the entire polar

display of the chart.
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and Sz, , as defined above.

5 .
Siy, = 5 eI (5)

where

By = (& — Z WL + Z,).

The external quality factor can simi-
larly bhe determined using Eq. 3.

The loci of the three Q-factors for
the 3;; plane are shown in Fig 3,
which also depicts some Sy curves of
the dieleetrie resonator coupled to
microstrip for several different
coupling coefficients. Note that the
811 plane of the eoupled resonator and
microstrip is restricted te the nor-
malized r = R/, = 1 circle of the
Smith chart.

The aceuracy of the §, measure-
ment ean be improved significantly by
expanding the r = 1 circle to cover the

"5:The Q-factors can be determined by finding their measuring point, x, from Sz,

entire polar display, using the
Hewlett-Packard HP 8410C network
analyzer to bring,the r = 1 cirele up to
the r = 0 circle. This can be accom-
plished by the Tollowing steps:
s Calibrate the network analyzer in
the reflection mode, using a standard
short circuit; - -
® Increase thetest-channel gain con-
trol 6 dB and use the horizontal beam
control to move the beam's zero point
to the normal short circuit point on
the polar display;
e Connect the test fixture containing
the dielectric resonator eoupled be-
tween the “unknown” port and the
iransmission return pert of the HP
87438 S-parameter test set (use the
reference plane extension control to
bring the measurement reference
feancluded on p. 86
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QO MEASUREMENT OF MICROSTRIP-COUPLED feontinued from p. 53)

Resonator helght: 3.6 mm
3]

.| Aescnater diametar: 6.9 mm
7
[}

RAesonant frequency, fo—>GH2

B 1 z F) 4 3 €

- Diatence betwean resonator and upper shisld, h—mm

6. The unloaded quality factor was found to be at a maxi-
mum where h was about 8.8 times the height of the resonalor.

plane to the resonator plane).

The loei of the various Q-factors” can now he easily
drawn on a 3mith chart and used to measure the unloaded
and leaded Qs for the desired coupling coefficient (Fig.d).
Thus, for & to equal 4,

Qu = fu.-"ll:f'l = f-z}, and {':'!I. = F”.-"'[f;{ = J.I|:|.

Another advantage of the above procedure is that the
coupling coefficient can now be read directly from the
normalized impedance scale on the Smith chart's horizon-
tal axis.

The unloaded and loaded @Q-factors ean alse be found
using the magnitude of the transmission coefficient, Suy, at
the resonant frequency of the resonator. Sinee a dielectric

CERAMIC CAPACITOH CHIPS

Featuring a single layer diglectric construction with
associated low series inductance, this family of capacitor
chips are ideal for applcations ranging from DC to
microwave frequencies.

Availabla in capacitance ranges from 0.25 pf to 15,000pf
voltage ratings to 15KV, their high dielectric strength
makes them resistant to damage from static discharge.
Precious metal terminations are compatible with epoxy,
solder or wire bonding assembly techmques.
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7. With proper shielding, the coupling coefficient had little
affect an the unlpaded quality factor.

resonator coupled to a microstrip line can he represented
by a series impedance, the magnitudes of the transmission
coefficients corresponding to the @, and @, measurement
points, 5z, and Sy, can be determined % from Eqgs. 4 and
b and the relationship S5 = 1 = S

|:"‘:‘EI" = Hi]“ \/""_i_' - fﬁj

1+ Sdlu
S, = 1+ St ' @
Since Sy, is related to the msertmn loss, Ly, by Ly

{dB} = —20log Sa,, the Q, and Qu measuring point, X,
defined in Fig. 5a can be determined as fuﬂ:tiniu of Ly

X(dB) = 3 — 10 log (1 + 107%0) (8)

Fig. &b illustrates the above relationship. Fig. 5 shows that
for a high Ly the @, and Qp, measuring points approach a
3-dB separation from Sgy, and 85 = 1, respectively.

The coupling coefficient can also be determined using Ly

# = 1042 — 1 = antilog (Ly/20) — 1 (9)

The two methods of measuring unloaded Q were tested
with good agreement between the results. The test setup
used an alumina substrate 1 X 1 X 0.085 in. (2.54 X 2.54
* 0.0635 em) and a dielectrie resonator with an ¢ of 37
from Thomson-CSF. The TEq; mode of the resonator was
coupled to a 50-ohm line etched on the substrate. Shielding
wag accomplished by enclosing the substrate in a metallic
box with a cover whose height could be va,rled

The frequency and the unloaded Q Were measured as h
was varied by moving the cover (Fig. 6). Note that the
maximuom @, was found at about h = 0.8H,

Another experiment measured th_é-unloaded Q as a
function of d, and therefore of 8. If the'shielding conditions
were properly chosen, the effect of 8 on Q, was insignifi-

cant. Figure 7 shows results for h = 3.7 mm. e
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