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Abstract: A mult i -posi t ion fe r roe lec t r i c switch i s proposed which can 
accomplish many of the switching tasks in an i t ioa handl
ing system; in pa r t i cu la r , i t can select amo:- b • and 
columns of a fe r roe lec t r i c memory. The log?-- 1 oiroi '- y "f the 
fe r roe lec t r i c switch can be painted dlrfcctlj onto the two Ides 
of a thin fe r roe lec t r i c shee< • 

The non-linear e l ec t r i c d . tjpl ••eji«jut-verr.l3 -field \» &.ru<. t e r i tcs of 
a f e r roe l ec t r i c d i e l e c t r i c ':ai * i l i a ed to construct a : -ndonsp? who > 
capacitance i i a fo&Otioi ci' ..ae applied voltage* ^ hi s. pUt.-uenon, whit-
makes possib] t 4i«1 Aeie tvmplifioir operation, " i s the bas.'U for opera on 
of the switch to a* nere described. J i f a ra 1 illust.r&tes the cpevivJon • 
the basic oh alament— a aiciple R-C f i l t e r «nich uses a aon-l ioear c_ ms-
er as l t l ser ies br With no di^eot •.-> across the ;tadea«:>r 
(J ig, _ the circus', behaves l ike any •nxLim^ry "T- section R-C f i l t e r » 
th« »x. Listortlon wil l r e m i t i f the input voltagw i s lai<e en igh 
tc drJ the ii--.".60trie ut of i t s l inear region. Transfer oh i t ies 
a r ifao* n for .li.iufjoidal exci ta t ion . I f a biaa v o l t i ^ , * , i s .nsertad i t 
ti?* - as shown iS'lfc. 1SJ . the uperatxr. - f< t the tra-ii. ft :harac r -
i^ 1« aMfr * new -".he oharfe-Tertu's-ToltAji oh* rao ta r l t t l c 
o ' i n c th i s new p the oorder- a t a Lo r 
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In the opposite position, output 2 is ON. 

Figure 2B illustrates an eight-position ferroelectric switch. 
Operation of the first stage, controlled by S-, is the same as the two-
position switch. Subsequent stages, however, have the lower ends of their 
resistors connected so that the even resistors are connected to ground when 
the odd resistors are connected to 7 and the even resistors are connected 
to V when the odd resistors are connected to ground. There are eight possi
ble paths through the Bwitch (Pig. 3) only one of which will have all of its 
condensers ON. With S.. S and S of the eight-position switch set as shown, 
output zero is ON. Outputs 1, 3 and 7 have one condenser OCT, outputs 2, k 
and 6 have two condensers OFF, and output 5 has all three condensers OFF. The 
number of OFF condensers among the outputs follows a binomial distribution: 

4-position switch 
8-position switch 
is-position switch 
32-position switch 
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Successful operation of the switch postulates that a single OFF 
condenser leading to an output will cause that output to be OFF. To test 
this, an eight-position switch was constructed (Fig. 4) using a thin (.025") 
sheet of barium tinanate ceramic (Glenco body "X-18"). All of the non-linear 
condensers are placed on the same sheet by firing electrodes on the two sides 
as shown. The signal enters the sheet via a large fired electrode (back view). 
Two electrodes match this input electrode on the opposite side (front view). 
Among the two condensers thus formed, one will always be OFF and one will 
always be ON. Each of these two electrodes is enlarged to match up with two 
electrodes on the opposite side which are alongside the input electrode. One 
of each pair of this third set of electrodes will be OFF. Finally the signal 
goes through the dielectric a third time coming out on one of the eight small 
electrodes (front view). 

The operation of the switch is illustrated graphically by Fig. 5. 
With a constant-amplitude, sine-wave input of variable frequency, the BMS out
put at terminal 7 was measured as a function of frequency for each of the eight 
possible combinations of S. , S and S . At 800 cps, the best operating fre
quency for this particular design, the ratio of ON voltage to the highest OFF 
voltage is greater than three to one. This operating frequency can be shifted 
higher or lower by changing the size of the condensers and resistors. Both 
steady-state and pulse tests on this dielectric indicate that the operating 
frequency can be shifted up to several megacycles per second. If the resistors 
are replaced by inductors, the output-versus-frequenoy characteristics can be 
improved and losses are lowered. 

For pulsed operation of this switch, a non-linear condenser is used 
in both the series and shunt arms of the filter. Fig. 6A illustrates such 
a switch which is so arranged that when the series condenser is OH, the shunt 
condenser is OFF (Fig. 6B);and when the series condenser is OFF, the shunt 
condenser is ON (Fig. 6C). The filter looks like a condenner voltage-divider 
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to the rising edge of a pulse. The divider has either a large condenser in 
its upper leg and a small condenser in its lower leg or vice-versa, depending 
on whether the switch is ON or OFF. 

The ferroelectric switch is proposed as a means for driving the 
rows and columns of a ferroelectric memory and for switching within an 
information-handling system* Its unique packaging makes it promising in 
applications where size, weight and cost are important considerations. 

DAB/jk 

Drawings attached: 

Fig . 1 - A-51155 

Pig . 2 - A-51144 
Pig . 3 - A-51151 
Pig. 4 - A-50906 
Pig . 5 - A-51148 
Pig. 6 - A-51152 

Signed. 

Approved. 

Dudley A. Buck 

William N. Papia i 
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EIGHT-POSITION SWITCH ANALYSIS 
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(FRONT VIEW) 

(RACK VIEW) 

FERROELECTRIC MULTI-POSITION SWITCH 
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FERROELECTRIC SWITCH FOR PULSES 
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