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(54) IMP~(?,VE~S R;ELATI:NG. :ro 1.dINIATURE · · . : · · ··VAIUABLB: CONDENSERS .• , . •• f •( 

. . ·· ·· ·.·.· .. ; (71).',: ·, We, KABv~zj:( 'Ju1~~ Sf!WA to ·fQtfti, together- a · temperature-com~ting ·. . S.Eµeo'SHA; a Japanese· tonJ.~y, ·<>f·· 3.-4, +:· deV.ice:· · · : · .. cliOm · Gm , ·Ch ku, m ky · J: · - d · ; The JnV®tion will ~ described;: merely :by 

s .,.,,~~ ~~~~~~ . bY the folfowmg ... tatement: :..:,..;, . condens'¢r in accd:rdarice . ~ith the . pieseP.t 
10 

20 

inv'¢Dtion;. . · . . :· . 55 
Figure_ 2 is a schematic- plan view e>f one of the( electrodes of the cqndeiiSet shown· iii Figtii-e-1 'divided' into' a plurality of individual 

p~~: ' . . . . . .. · ·. ·. 
Figtires' 3a and '3b--~e-resp.eCtive plari :and 60 ·cross-sectional vie\Vs of the· -contact terminals for u_se with the -condenser of Figure: 1; .. ·>·> 'A¢c0ri:ling to one aspect of.the ptesendri;;" figlire 4 ·is a plltn: vi~w !>f the .coric1¥sei ·. ···· venti~ t4ere is pr.ovidCd. .a. piµii!ltHfe .variable of .. Figure· 1 in -a,s$oclati6n 'With t~e · contact . ' 

··'t 

retm.inals of Figutes ·3a .. and 3b as, a.Ctu.ally . 65 arranged ·in ~practjce, · . . . · . · .· , · . · 
Figure :_5 .. ""is . a: somewhat :~chematic : ctQSS".' section vi~· of a practital embodiijient ·or a miniature·· variable" ee>ndenser-' of ·the present.: · ·; inventfon; ··and. · . . · · · . . · · . 70 
Fi'gi.µ-e~ 6 ·is- a ~ring. c:liagrruJ!. of a tem~. 

1'¢.ra~pensatiiig : ... ci~cui(: O.f. ·a. , · qUartz·c· crystal ooclliat~, ·tlie,:cfrcuit incorporating a .. condenser .iii :a:ccordance with thiS . .invention .. · ·· form· .Of '1leiible · p~tes . niovS.bk.:by ~s~;; Referrilig . to · th,e drawings,: in · _Figure .. 1.·. 75 •• 

CUit .fu.cluding ·:a IDJl1~a,t:ure, vaJ'.'labl~ · co~denser: : . sru;Ji .. a. lower electro~e .1.s .. sh,<>:wn, wh~m· : 
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· Expressed more precisely, if n represents the 5° X. However, it is difficult.. to compensate · 

number of divisions of the electrode 2, -or in the temperature .characteristics of the quartz 

other w0rds the nUJilber . which is one le&s crystal oscillator denoted by X on the circuit 

thaD. the number of plates into· which the · diagram by means of the capacitor C..h only 

5 lower electrod:e is subdivided, then the capa- and for this reason the miniature variable 70 

citor l.s . divided into c2n:i:i ..:..1) parts .. which condensers c. and Cp are provided to adjust 

!'!!quire (n + 1) lead terminals. Accordingly, a the compensation. rate . arid to regulate the. 

ste~ variable .capacitor is realised in a frequericy of the oscillator. 

very compa~ :inanner and · with a relati~ly .The condenser Cp is provided because the . 

10 small numbey of output terminals. · ratio of capacity change of . the high di- 75 
. The method for Changing the total capacity electric material of the condenser C..h is too 

of the rondenser and the methOd for- leading . large and therefore by increasing the capacity 

out by means of respective lead terminals with , of the condenser Cp the frequen,cy charac­

contacts will now be described with reference teristics of the quartz crystal oscill.ator may 

IS to Figures 3ai, 3b, 4 and 5. . be regulated: to be constant at all tem~- 80 

In Figures 3ai and 3b a comb-shaped ·flex- tures, By adjusting C. the frequency of the 

ible metallic plate i!l provided with a plurality · quartz crystal oscillator is .regulated to be 

of contacts 9 to .12 eacll provided with re- · suitable for a. particular frequency . hand, e.g. 

spective screws 13 to 16, and as can be seen for operating timepieces. By regulating the 

20 in Figure .3b, the ·contacts 9 to 12 ·are sub- _capaciti:>r C. over a given range, one can 85 

stantially of the ·shape ·of · an inverted V in niaintain the gradient of the temperature 

section. By tightening or l~ening the re'." compensating curve, that is to say the curve 

spective screw, the respective contact may be can be shifted to a position whieh is parallel 

moved towards and into contact with or away with the original curve. . 

25 aii.d ·out of contact from the opposing por'.'" In the circuit of Figl.Jre 6, Ri, ~ . . . Rs 90 . 

tion of the lower electrode 2. In fact, the are resiston, Ci is a feedback capacitor and 

individual plates. 5 to 8 of Figure 2 are re- Ca- is a coupling capacitor connected. to the 

spectively located for co-operation with the emitter of a tl'ansistOr. . 

contacts 9 to 12. Output terminals are pro- Although in the present invention n=3 

30 vided for the upper electrode 4 and the comb- has been described, the. value of"i1 is purely 95 

shaped metallic plate. This can be seen petter optional and can be increased or decreased._ 

in Figure 4 in ·whicll 17 is a region of the Moreover, the dividing· ratio is not limited 

evaporated thin filn1 capacitor and 18 is the to a geometrical progression as in the present. 

region where the output terminals are located. case. 
35 . ·Figure 5 shows the int~al structure of 

the stepped. condenser according -to this in- WHAT wE· CLAIM IS : - 100 

vention. 19 is. a substrate made of glass or 1. A miniature variable thin film condenser 

cei'amic on which is deposited. a Chrome-gold having'. an. evaporated dielectric, a common 

electrode 2la. The other electrQde 21 •is ,pre- electrode, at least 1:Wo further electrodes which 

40 f~ly made of aluminium and 22al repl'e- co-operate . with the common electrode . to 

sents a silica dielectrjc film. A . protective form individual capacitol'S, and lead terminals 105 

thin film 22b covers the electrode 21 and this with respective contacts for contacting the 

protective film :inay also be µ1.ade from: silica. said furth~r electrodes to permit variation of 

The lead, terminal 23 and the adjusting screw . · the total capacity of said condenser by step-

. 4S 24 'are shown in full and chain-dotted lines, by-step ·selection: of, or combinations of, said · 

with the lead terminal 23 "in contact" : and individual capacitors. 110 

"out of contact" \vith a fixed cont.act plate io. 2. A: miniature variable condenser as· 

. Turning now to Figure 6, there is shQWll a claimed in claim 1 wherein. the said contacts 

quartz· crystal oscillating circuit whicll is are in the form of flexible plates movable 

50 temperature-compensat-ed as d~bed below. by respective screws into and out of engage-

'I'.he temperaturC-:CQmpensating device for the ment with said further electrt>des. 115 

circuit includes a capacitor Cth and a pair" 3. A miniature variable condenser as 

of variable condensers Cp and C. which are claimed in claim 1 · or claim 2 · wher.ein said 

miniature variable condensers in accordance common .electrode is of aluminium, While the 

55 with the Present invention. The ca~citor said further electrpdes are of Chrome-gold 

. C..h is a teril.perature-co:i;npensating element with a silica dielectric thei'ebetWeen, . 120 

having a. ·high dielectric material such as 4. An electric circuit includirig a mllriature 

BaTiOs. ·which has its Curie point· ·at sq~ variable condenser as claimed in any p~~g 

-sta:iitially · rOOin temperatures, · approxfuiately· . claim. 
60 20°C. As the temperature increases over the ' 5. A circuit as claimed in clainl 4·wherein: ·. 

Curie point the temperature coCfficien't of the said . circuit is a . tempe:ratate.;;c<>mpensated · 125 

dielectric constant of this element reverses oscillator circuit. including a quartz . crystal . 
frOm positi~ to negative. This clm.~acteristjc vibrator· to which . said Conde:Ii.set is, . 

is· yery · coll.V'~ent when· applied ·~o a qWlrtz connected. . ·· · · . . 

65 crystal oscillator havin~ a Cilt angle of e.g. 6. A circuit as claimed in claim S:·~herein'' 
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· EXPressed:m~. pr~isely, if n represents the 

number ~f- divisions· of the electrode 2, -or in 
other words the number which is one less 
than tbe number .()f plates into · which the 

5 lower electrOcle is subdivided, then the capa­
citor is · di'\T,ided in:to (2n+1 - l) parts which 
require (n +l) lead :terminals. Accordingly, a 
stePPed .·variable capacitor is realised in a 
very , compact manner and with a relati~ly 

10 . sillall . riUni,ber •of output termin:als. 
-'fhe:method for changing the total capacity 

of the eon4enser and the methcid for leading 
out by means of respective lead terminals with 
contacts will now be described with reference 

15 to F.igtires 31f 3b; 4 and 5. 
In Fi~es3a and 3b a comb-shaped flex­

ible metallic. plate is'·provided with a plurality · 
of conta¢:1:s · · 9 to 12 each provided with re­
s~ti"Ve screws 13 to 16, and as can be seen 

20 in Figure 35; the contacts. 9 to 12 ·are sub­
stantially of· the shape of an inverted V in 
section.· By"•tightening or loosening the re­
spective screw, the respective contact may be 
moved towards and.into contact with or away 

25 and 9tJ~ of <;ontact · from the opposing por­
tion of .. the' lC>wer electrode 2. In fact, the 
individUat plates 5 · to 8 of Figure 2 are re­
spectively J0cated . ·for co-operation with the 
con.tacts 9 to 12. Output terminals are pro-

30 vi!Jed: for th~ upper electrode 4 and the comb­
sha~:m~Uic plate, This can be seen better 
iri F,igure:4 Jn whic:h 17 i~ a region of the 
.ew~ted thin film' capacitor and 18 is the 
region \vhere. the output terminals are located. 

35 . Figure<5 shows the internal structure of 
thcf steppec,i condenser according -to this in­

. verition. · J9 .is a substrate made of glass or 
ceramic ·on which is deposited a chrome-guld 
elcit:r.-ode ·21a. The other electrode 21 is pre-

40 ferably. mad,e. of alUm.inium and 22a repre­
~ts· . a ·_ siliCa. dielectric film. A protective 
thin filrii'22b covers the electrode 21 and this 
prPieCtive fi,Jm ·may also be made from silica. 

. The l~d tenriinal 23 and the adjusting screw 
45 24· :are j;hown in full and chain-dotted lines, 

. with the" Jead terminal 23 "in contact" and 
"out .ofcon,tact" with a fixed contact plate 20. 

.~urning no:w to Figure 6, there is shown a 
qliartz · ·· Crystal oscill1tting circuit which is 

50 temperatti~-::compensated as described below. 
The teniperilture-conipensating device for the 
-cij'cirlt incIU.des a capacitor Cth and a pair 
of.·vaijable condensers .. Ci, and C. which are 
miniature. variable- condensers in accordance 

55 with·.•• the ·:present iD.v~tion. The capacitor 
Cth: is.··a · ·tem.perature:..co,,npensating element 
having .'a high dielectric material such as 

· · · ·Ba::riOa: .. which has its Curie point at sub­
sta!:i,tially ·roam temperatures, approximately . 

60 20°C. -As: the temperature increases over the 
Curie pOint the temperature coeffic~ent of the 
dielectric : · fonstant of -this element reverses 
fro#i::pcjslti'7e to negative. This characteristic 
is yery c-Onv~ent when applied to a quartz 

e5 c:rySta1 · OScil.lator haying a Ctit angle of e.g. 

- .. ' ... " ... . ... 

... . ·.: .,·r·· ··· .. ' .... . . / ~. · . 

5° X. However, it is diffi-cult. to compensate · 
the temperature characteristics of the quartz 
crystal oscillator denoted by X on the circuit 
diagram by means of the capacitor Cth only 
and for this reason the miniature variable 70 
condensers C. and ~ are provided to adjust 
the compensation rate and to regulate the 
frequency of the oscillator. 

. The condenser Ci, is provided because the 
ratio of capacity change af the high di- 75 
electric material of the condenser Cth is too 
large and therefore by increasing the capacity 
of the condenser C,. the frequency charac­
teristics of the quartz crystal oscillator may 
be regulated to be constant at all tempera- 80 
tures. By adjusting C. the frequency of the 
quartz crystal oscillator is regulated to be 
suitable for a particular frequency band, e.g. 
for operating timepieces. By regulating the 
capacitor C. over a given range, one can 85 
maintain the gradient of the · temperature 
compensating curve, that is to say the curve 
can be shifted to a position which is parallel 
with the original curve. 

In the circuit of Figure 6, Ri., R11 . . . Rs 90 
are resistors, C1 is a feedback capacitor and 
Ca is a coupling capacitor connected to the 
emitter of a· transistor. 

Although in the present invention n=3 
has been described, the. value of· n is purely 95 
optional and can be increased or decreased .. 
Moreover, the dividing· ratio is not limited 
to a geometrical progression as in the present 
case. 

WHAT WE CLAIM IS:-
1. A miniature variable thin film condenser 

having an evaporated dielectric, a common 
electrode, at least two further electrodes which 
co-operate with the common electrode to 
fonn individual capacitors, and lead terminals 
with respective contacts for contacting the 
said further electrodes to permit variation of 
the total capacity of said condenser by step­
by-step selection of, or combinations of, said 
individual capacitors. 

2. A. miniature variable condenser as 
claimed in claim 1 wherein the said contacts 
are in the form of flexible plates moyable 
by respective screws into and out of engage­
ment with said further electrodes. 

3. A miniature variable condenser as 
claimed in claim 1 or claim 2 · wherein said 
common electrode is of aluminium, while the 
said further electrodes are of chrome-gold 
with a silica dielectric therebetween. 

4. An electric circuit including a miniature 
variable condenser as claimed in any preceding 
claim. · -

5. A circuit as claimed in claim 4 wherein 
said circuit is a temperarure-compensated 
oscillator circuit including a quartz crystal 
vibrator to which said condenser is 
connected. . 

6. A circuit as claimed in claim 5 wherein 
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· ) ', '8aid< ~circuit includes a capatjtgr haV,ing a. ·8 .. ·An, elei:tric.~·cltfuit s.ubstanpally' a.,s 10 ' . " TaTi08 drelectric·..,,.and-;:_connected in,. series hereinbefo.re desCrlbed·~ : With reference to > · ., . and in.pa~!!'! with respective.siid:condensers Figure 6. of. the ac®.lripa~ying drawing$ .. 

•to.form together a remperature-C<>mptrisating J ll.fT;T·i.n.R···.··.~~&··· ... :c···o ... ·· 5 device. · · • nll~'° . i ._ ...• , 
' ·. • ·1. A mlltiature variable condenser sub- . 1\,gen:ts .foi:the. Applicant$, ' ~wi..:==~~~;: ~1~"' 
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