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introduction. The rapid variation of an impedance shunting a transmission line is a well known

technique for switching microwave power (References 1, 2, and 3). The application of a switching

voltage to a ferroelectric material provides a convenient means for rapidly varying an impedance be-

tween significantly different states. A multistub transmission-reflection type switch actuated by a

switching voltage of 1000 volts has been studied. The operation of the switch depends upon the ability

of a ferroelectric variable capacitor to change its capacitance upon application of a switching voltage.

A change in capacitance represented by a ratio of two to one results in substantial change in tbe in-

put admittance (Yn) of the protot~e network shunting the tran smissim line.

Single Stub Switch. The prototype network ( shunt stub) is shown schematically in Figure 1 to

consist of an inductive line, the ferro electric variable capacitor, a stub line and an input tuning capa-

citance. The inductive Ene is adjusted to resonate the ferroelectric variable capacitor at ihe mid-

hand frequent y of the switch with the switch in state A. The input tuning capacitor is ad~”sted to

resonate the shunt stub at the mid-band frequency with the switch in state B.
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Figure 1, Prototpe Shunt Stub
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State A corresponds to switch voltage applied and sw~tch closed (Isolation) condition while state B

applles to switch voltage off or switch open (insertion loss) condition,

It can be shown that isolation and insertion loss of a single stub switch ia given by

‘w) = isolation in db,
L 1A

I –1
(m)=20 log,.
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= 20 loglo
y lB
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= Y,(m), state A and state B, respectively.
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The approximate mid-band isolation and insertion loss for a single stub switch is given by

(Uo) . i~olation in db at mid-band,
L iA

(Y~1)2

=20 loglo 1 +
2YOwOCHAtan 6A

(w)
L lB

0 = ~nS ertiOn 10SS in db at ~id-ba~,j

(Y~1)2 tan 6B

= 20 logio 1 +
(–)1

1-P

2YomocFA P“

where

= mid-band angular frequency
‘o

c CFB = ferroelectrlc “ariable capac,tanc e, state A and
FA ‘

state B, respectively

tan 6A, tan bB = 10Ss tangent of ferroelectric capacitor, state A

and state B, respectively

Yo, Y~l = charactermtic admittance of the transmissmn

and stub line, respectively

P . fractional change in ferroelectric capacitance

(6)
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Equations (6) and (7) have been plotted in Figure 2 for a typical set of parameter values. Although

reasonably narrow band, the single stub switch nominally exhlblts 20 db Isolatlon w ~th one to two db

insertion 10ss.

Since bandw~dths of the order of ten percent were desired, multlstub switches were considered.
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Figure 2, Them-et~cal Curves of Isolatmn and Insertion LOSS for a Ehn.gle Stub Sw,tch

Multistub Switch. The multistub switch consists of n prototype shunt stubs nominally spaced at

),/4 mter”als along the transmission line as shown in Figure 3.

Isolation and insertion loss for the mult~st”b switch may be expressed as follows:

CIL4 db
f’nA

= 20 loglo ~

0

c
L = 20 Ioglo *Zy db.

nB
o

w here

cnA’ cnB
= overall network chain matrix parameter, Cn, state A

and state B, respectively

I
Cn .+-

2 12 = O.

Equations (8) and (9) have been evaluated with the use of a d~gital computer and plotted in Figure 4

for several values of the parameters.
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Fl~re 3. Multl stub Ferroelectrlc Switch Con figuration
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F,@re 4, Theoretical curves of Isolatlon and Insertion Loss fOr a Two

Stub and a Three Stub Switch
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Experimental Results. A two stub and a three stub ferroelectric switch were fabricated using

lead strontium titanate Pb ~,3 ~5Sr0,685Ti03 as the ferroelectric material, The nominal parameters

of the material are:

tan 6 ~ 0.06

c = 10 pf (for 2 stub), 7 pf (for 3 stub) (zero volts applied)
FB

c
FA

= 4 pf (for 2 stub), 3 pf (for 3 stub) (with 1000 volts applied).

Experimental data are plotted in Figure 5. Figure 6 is a sketch of a three stub switch,

Ccmc /us ions. The results of this study indicate that ferroelectric switches with an isolation of

40 db, a bandwidth of ten percent and an insertion loss of less than 1.5 db at L-band are feasible. For

less than 10 percent bandwidths an insertion loss of less than 1 db and an isolation over 40 db are

possible.
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Figure 5. Experimental Data for a Two Stub and Three Stub Switch
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Figure 6. Sketch of a Three Stub Ferroelectric Switch
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