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A diagram of the microstrip ferroelectric phase shifter l/2 is shown in Fig.

l(a). The nominal thickness of the ferroelectric material is 10 roils. As the

dielectric constant of the ferraelectric is very high, the impedance af the micro-

strip line (w15 roils wide) is comparatively low. Far matching purposes quarter-

wave transformers af Ti02 were used. A ceramic ferroelectric material containing

68.5 per cent SrTi03 and 31.5 per cent PbTi03 (PS 68.5)* was used in the experi-

ments. Far a TEM-mode propagation the insertion phase af a transmission line af

length 1 is given by ~1. Fig. 2 shows the insertion phase of one af the units as

measured with a phase discriminator. The total insertian phase at 3.05 Gc/S is

4.434A. Substractina the insertion phase of the connecters and the quarter-wave

transformers the inse~tion phase of the ferraelectric material alone is’ 3.486A.

the application of a biasing voltage, the differential phase shift is given by

A4=((31-P2)
where ~1 and ~2 are the phase constants without and with bias respectively.

or +ql.fi] -A@-

where A. is the free-space wavelength and t 1 and t 2 are the values of the

dielectric constant with zero bias and with a bias voltage respectively. The

insertion 10ss is

ad ~ 27 tan 6 db/X

where tan 6 is the loss tangent of the material.
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The differential phase shift of the phase shifter was measured in the bridge

shown in Fig. 3. The biasing and microwave circuits were isolated with the help

of O-db couplers, which consist of twa 3-db cauplers. The oppasite ports of the

O-db couplers are d-c caupled while micrawave energy is coupled through diagonal

ports only. A null was abtained by adiusting the attenuator and the line stretcher.

Thepasition of the null is shifted on the application of a d-c bias. From the shift

of the positian of the line stretcher for the null, Al , the differential phase shift is

calculated A~= g~A~
(4)

where P is the free-space phase canstant.

Fig. 4 shows the differential phase shift as a functian of d-c bias voltage for

2,9, 3.05 and 3.1 Gc\s. The insertion loss of the unit was 6.5 db at 2.9 and 3,05

Gc/s and 6,8 db at 3.1 Gc/s. The VSWR from either direction varied between 1.2

and 1.9. From the known length of the ferroelectric material, the dielectric

constant and its change as a function of the d-c bias voltage were calculated fram

Figures 2 and 4 far 3.05 GC/s. Fig. 5 shows the calculated dielectric constant

of PS 68.5 as a function of the bias voltage. The differential phase shift was

measured with cw micrawave pawer up to 1 watt. The differential phase shift

decreases with increasing cw microwave pawer primarily because of heating of the

ferraelectric material.
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To visually observe the differential phase shift as a function of th~ biasing

voltage, a cw microwave source was used. The phase shifter was swept with 60

c/s voltage. The auput af the bridge detector and a fraction of the 60 c/s sweep

voltage were fed respectively to the vertical and horizontal amplifiers of an

oscilloscope. The resultant pattern is shown in Fig. 6. The line on the top shows

the biasing voltage and the curve shows the out-of-balance voltage due ta the

differential phase shift. By proper calibration the differential phase shift due to

any bias voltage can be detained from the curve. This curve (Fig. 6) shaws that

the difference in the phase shift for a particular voltage for increasing ar decreas-

ing sense is rather small. This means that the dielectric hysteresis is nearly

absent.

The dielectric constant of the ferraelectric material and as such the VSWR is a

functian of the bias voltage as well as the operating temperature. Some impedance

compensation can be obtained by making the transformer of a material whose

dielectric constont is also dependent on the temperature and the bias voltage.

Fig. 1 (b) shows such an arrangement. The quarter-wave transformers are also made

of the same material as the phase shifter. This avoids the difficulty of aligning the

transmission line of the three pieces (Fig. l(a)).

This paper demonstrates the feasibility of thin ferroelectric phase shifters.

The bias voltage is considerably smaller than those previously reportedl,2 far the

same values of the differential phase shift. The percentage change of the dielectric

constant for a bias field of 7.9 KV/cm is 27.3 p~r cent at 3,05 Gc\s compared to 33

per cent3 at 1 Me/s. Assuming the loss tangent of PS 68,5 at 3,05 Gc/s to be

0.065, the value reported3 for 1.2 Gc/s, the insertion loss of the device, due to

dielectric losses alone, is 6.1 db compared ta the medsured value af 6.5 db. The

lasses of such devices can be substantially reduced by using low loss materials

like SrTi03, KDP etc. This type of phase-shifters can be used for steering the

beam of antenna arrays.
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FIG. 2- Insertion Phase of the Ferroelectric Phase Shifter 1
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FIG. 1- Thin Ferroelectric Phase Shifter
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FIG. 3- Experimental Arrangement for the Mcosvrement of the
Differential i%se Shift
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FIG. 5- Relative Dielectric Constant of PS68.5
as a Function of the Bias Voltage
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