PATENT SPECI FI CATI ON (11) 1 495 214 (21) Application No. 50340/75

(22) Filed 9 Dec. 1975 (31) Convention Application No. 16418/ 74

( 189—=2—Fit+ed—6Bee—39F4—Fn—{33)—Swit zer

Speci fication published 14 Dec. 1977 (51) INT CL2 HO3K 3/09 (52) Index at
acceptance H3T 143 2A1S 2J 2T3F 3V1 4C 4D 4G 4M 5E 5S 5X (54) AN | ED
Cl RCU T ARRANGEMENT FOR SUPPLYI NG CLOCK, PULSES TO A PRQIECTI LE FUSE (l? ’)
W, WERKZEUGVASCHI NENFABRI K OERLI KON- BUHRLE AG a conpany or gani sed '

exi sting under the laws of Switzerland of Birchstrasse 155, CH 8050 Zurich,

Swi tzerl and, do hereby declare the invention for which we pray that a

Pat ent  may be gr , i ch i(i1yi s fr med,
to be 5 parﬁmgmeﬁg‘;ﬁmﬂé@m f ol |(OV)VI ng:ylE gg&%%@

5 The pr agenR))i ApplicdtiooMNor 80340/25 t (225 Filal\9 Becl ¥%pr oved const
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whi ch, haevss), sviaeduat (Gff ord the requisite accuracy wit

mRi Nt ai ni (M) Caniéte Spacifizakidni publisied 34/ Ded. 1977 It id t he
present IMvest)iNT CI* [MO3Ki 3I® an i nproved circuit arrange \
del i veri mgl gbpCisdexidt Seceptaiced proj ectile fuse in a manner ed

with the af or emeRsT oned 24 (SWOZTIF3VArd 4D AGHM SBISS SHf t he D 3
proposal s. The present invention conprises a circuit arrangeme

delivering clock pulses t@f MP I VED IIRCUMS RRRANUEMENR® Circuitry
containing an astable nul SEPPLYINGICBOCK PULSESIGp!| y capacitor for the
vol t ge supply of the astabl e nul A RRQIEGTHLE FHSEesi stor con- 15 nected in

circuit between t Mﬁd’“ﬁ% F%gﬂu“} EH@ ButR gq,j or, and a
trimver capaci lQ& or; Ws"%f‘SMt Qﬁ e P43| SES
connected in pa:Ha!Ioji(EZurmh,tSWnaﬂmﬂ doel&reby Ad¢clare RS igveetiva dori vehich we/prapcdtet t 0 t he

acconpanyjng de XefEgidaayi “s: d the method by mhigh jt & tq bg perfgrmedigBtit i ¢ circuit
di agram 0% the™e ﬁ%gﬁ ?ﬁ%mseﬁvﬂgLﬂ&ed %QnsInQ:'ﬁorI Be cighie p| y of

clock or tim ngrdagéniefStor kupfling o délﬁeragsﬁheﬁaﬁmﬁg filie€tt i p@jeally s, of a
mul tivibrator; ‘B%hﬂ'ears all@dlahmva vdm%hwh ﬂﬂ@escwiu@séomef,tmoperl odi ¢

time as a unc &ff "ggig‘g? ‘y:gé “‘“gap cLeq: ci r cujot
di agram o a sgg,qg q,{,nks q%gﬁ:m °P"f"“’m£a£ﬁ"'°" @&gﬁ, %&nd Figure 5

I's a diagram shmnmagmaurdvmmm ariordnfpf-oeoselmt I ocat i ons of the
mul ti vi brator v com % %1 A ¥cuit

d agr am ofs A ok ,,eu e o P ylﬁta.. :::m*mz mm *A fofs the
delivery of cI uagvea,u & QstableSmuldtib §hpply apacidn laid h I

connect ed RC-elmtcap!mtoeforaabﬂlsasétttrpqumyamuedockapimmnmu@@pamlh a supply
capaci tor 20. T’I'fBs 20 can Qmwghar‘gf&lby a current generator
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9 upon figg ng the:&q@%o'gﬁ’%g%f 'g"mdiuﬁffﬁmé REug!igvamiah Wi | 120be

expl ai ned rmrefcfnﬂelsypptyafaocho drhifg puls€s;ir 1 ent enera or 9 may be a
conventional com F{B‘!Ie-’-l“ C“ tﬁl rarh of ageultivibmior gy conpr,i se, 0
i nstance, an in %gﬁ%ﬁgf’ f EFYESe © @e tHme aaf“’§5°fnt° i ron core.
During the firi afcmaaia@im Mhaedamxaﬁmdr} EmBolligeR oPmGItivibratar; I € at25ve
di spl acenent oramthl fting of these conponents for producing an i nduced cur -
Figure 5 is a diagram showing curves of the voltage at different Iocations of the
multivibrator,
Describing now the drawings, according to the circuit diagram of Figure 1 a
30 multivibrator 10 lnvmegi an output A, for the delivery of clock or timing pulses is 30
connected via a parallel connected RC-clement, i.e. a resistor 13 and a capacitor 22,
with a supply capacitor 20. The supply capacitor 20 can be charged by a current
generator 9 upon firing the a?trou:cnlc: The significance of the RC—element will be
explained more fully herein-after. Current generator 9 may be a conventional com-
35 ponent in this art and may comprise, for instance, an inductance coil, a permanent 35
magnet and a soft iron core. During the firing acceleration of the pto;ecnle there occurs
a relative displacement or shifting of these components for producing an induced cur-
rent in the induction coil. Due to this induced current the supply capacitor 20 is

40 Continuing, and tumning to the circuit disgram of multivibrator as shown in 40
Figure 2 it be recognised that the same comprises four field-effect transistors 51,
52, 53 and 54. Each two respective ones of the field-effect transistors are connected
in series, such as the field-effect transistors 51 and 52 and the field-effect transistors
$3 and 54. The field-effect transistors (FET) 51, 52, 53 and 54 are connected with _
15 the current supply ie. via the RC-element 13, 22 with the supply capacitor 20 and 45
also with ground. The gates of the FET’s 51, 52, 53, 54 are connected via the diodes
41, 43 with the current supply and via the diodes 42, 44 with ground. Both of the



rent in the induction coil. Due to this induced current the supply
capacitor 20 is charged. 40 Continuing, and turning to the circuit
di agramof—m-tivi brater—as—shown—+n—40 Fi gure—2-+t wtt —be recognised——
that the sanme conprises four field-effect transistors 51, 52, 53 and 54.
Each two respective ones of the field-effect transistors are connected in
series, .such as the field-effect transistors 51 and 52 and the field-effect
tra |rs\tors 53 and 54. The field-effect transistors (FET) 51, 52, 53 and 54
are \corpected with 45 the current supply i.e. via the RCelenent 13,
22 W tite suppl y capacr tor 20 and49§l,{>,4al SO wrth ground The gat eg of the
FET' s 5F—52- \.,u mcmc v a dhel 155) '-I-T 3 th—tie——Tur r ept
suppl y_and v} EEFRGLTiom s orprep gt ke %Mma o
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junction poi nt 654f,1,erc3 £ O d o@& vdl ,ea,ea.fp\,&or 21. The
FET's 51 and 534afnmpof inveetérs AGREB' dsopoto alinBEtEriined sahe, thivcthe openasi S- tors 52

and 54 aje n- o ﬁg% Eéqﬁﬁ%m.;%ﬁﬁﬁﬁwﬂﬁ

and B the p-chape ruangnﬁasiered non- conducti ve

i .e. block, wher dhe modiecof thou:ﬁ!sace re conductive. On

the ot heg handg"aﬁ%w l%‘f’“zﬁg“ ’f& PO i nvgrters
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g F"&é"ﬁfre. bl ock.
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Figure 5. The sﬁdﬁ thé cappioralli the mmemﬂ%mr%GdSM| n udtthey is as
follows: In thf%%ﬂ““ﬁ%{ﬁﬂ%ﬁpﬁif%&%%ﬁ%&‘ﬂé“w P™¥nd 53 and no
current 20 , then there appears at
the output 1 of the inverter EQUATION the input 3 of the inverter A the
supply voltage Uerr] and at the |nput 4 there pears the ground vol,t age
Vlerr], & is apparent fromth S of‘fwlzg 5 at the start of t

oSci IIatron time t[err]. The o cted in circuit via the FET
53 with the current supp and the |nput 4 s, connected vra the FET 52 with

ground. 25 lKwe)t"’!’ ut put 1,
the said one Sﬁﬁg ’ﬁﬁ mof a ruf‘henmereﬁme arged from

t he supplg volstvagﬁ: }auo sy Om t he’ sar d ot her side of the capacrtor 21 the
char gi ng3turrent Pc;amnfalsdwwime ptthe jnput;3shas) dropped £0,the switchipg-yoluge, usi g t he

vol tage at t hebehpiyhe w‘m‘?{g ﬁ?&ﬁn@"ﬁ mmﬁmﬂrﬁ the tine

to switch bei n-gh.ggyfgggpﬂe undy, (Yil\dald e sigd¢ r ] [err] 30
I n the above umimunnd( p terzl]can rtbromthcrl’ﬂ'ri‘ 54y gurreatie for t he
i nverterd®A %@grm"é%% ‘“&%‘;" sistBOrs 11
and 12, the sy em'@a Cewh e synbol
t[err] the tinge uat,um su ces-

EQUATION®@)

( vERS W) (2 vers )

45 Since the oscillation period T=t,+¢,, there can be derived from the Equations 45
(1) and (2) the following:
EQUATIONQ)

uM

y U — Yo
T=t4s= —RCé’U—f'U + 2U U,



sive switching operations. 35 As soon as the voltage at the input
3 has dropped to the smrtchrng voItage then 35 both of the inverters A
and , Ay A

wher eas current no Ionger floms through the FET' s 52 and 53. The voItage at
the output 1 thus drops to the voltage Uerr] (ground). Via said one
or termnal the capacitor 21 can charge oppositely through the FET <
current 40 flowng to the said other side of the capacitor 21 Vi
FET 51 and the resistor 40 11. The voltage i mediately reaches the val ue
Uerr] at the |nput 4. At the |nput §4§£ﬁ4voltage rlses on an expone@tla

curve, the v e+ —trover-n -
%ﬁ%‘?‘éﬂﬁ vm{ and (2)

EQUATI ON E““’““ il ke ap
T S T T

the fol |l ow ng: M'I'tliﬁ\{aﬁ{citr dedp, and eonsequently there wxllbeachangcmthe
1, 495, 214 romthrs E uation’it

will be appare ﬁﬂ%cg“ﬂ ﬁ}ﬁﬁhﬁfﬂ ﬁ{ on the
supply vol tagergm&rﬂ, 8| &hfRant auxEHngVIp ridinéd a4 | f :Oﬁsrﬁeer SUDD' y

vol tage U err] fmt:h&nnwmcmaﬁﬁlmg aoymojectilsi udicitstdampation) emouwtitghte ferenmal of equtmergy
the volta % U epp '¥ Th‘w#‘t'lﬂ‘d% iPie acconns gt Be tsf ¥t her e

be a change in WEZ,%% ts“ qﬂfj’ wﬂ*ﬁgfbﬁg&gﬁﬁﬁé‘; Pnes®aul d be
realized with thg. v ehiciihe mmrthpa&ﬁn masas chadged mgr msymo,o:hexa circuit
arrangerreqé whdt |muaed that: GMBD etpnation ¢ rrqsmcrenowm od Tn%
shoul d be 'tonst®nd DL EHet g v}‘réag;o‘f o Fighte 1) DS SARCRsilda& L1 M8 Trom
tor 16 ialgg!y

the nonent of f13r1h@ﬂm&teﬂfb9dv%ttha ato ichpfacitA DWW g to for

i nstance 10 tbaqucro)sl udeqtmmhsmsraimgsotbrol,ﬂacmb;e;ﬂttsaken into
account that t ct P not2

al ways chgrged %ﬁgﬁ g%ﬁ" t@'&é’éﬁ °"°I’.°f e§§¥1§ ’
render this proaien The ahg"l@pic tzthiﬁgsvxbbﬁtag:entdmr ic]:ordm’g vvh| ch t he

supply capacitow mmmb,tfm ggﬁ‘kﬂ‘yg‘z“thﬁ C't t is
required phat tHREH ,mredﬁ% rtﬂ‘%apa'i’?i‘i’awstangse
ampunting 15 rhetnalu b toﬁm}% Bfé&ﬁ iV Rigiire 3128124 eqiivaliaicRaph&ie t 0 2%

15 Now i n ordertuatce230l ve this Obj ective, accordi ng to F| ure 1 n ohmc

resistance 13 ig dasemstr ‘bt‘%@“)érm‘:t %‘.‘;@P‘t“i%ﬁ%&o T} jndi %ﬁgupply
capaci t or 320, aﬁﬂ&n 5 f,‘ by tiéshald SUCH 3@ C
resi stance or 151,152, se B#hﬁﬁ‘ﬂ!ﬂ crat condhicdvecand fttotrchk@gth’ﬁhe
operation of sutithe wstl ghefeti gr# @? ‘W:‘MG %@%hgﬁéﬁwtwg current { o
Figure 3. The sbﬁfﬂ'}?'??&s?ﬁ’a y the ¥ Under the influence of the

resistor 13. 20 The cou wqim vol tage bri ngs about a change of the
oscillation tinme accordi Eé a The trimrer or bal ancing capacitor 22

_.35

bri ngs about a correction accordl to the curve b;q from both of these
curves a and b there resi:_ u hr cents the frequency and
therefore the oscillatio T?#;. ovrpm 10. 25 The
trimrer or, bal anci ngu capaci t or matc ed to th |nternaI capaci tance of
25 the mul*tivibraf® “‘%HF@%"@W&M‘SB?VGR@@WW&“‘H‘PSH gure 1 as the

equi val ent capacr U, ®lgge- | n order to further understand the invention
reference wll wg&ggigh thgevi dual characterlstics of the nmultivibrator

10. The oscill at i dh=p‘€ﬁ'1|' mﬁ-'dmlo endent upo
L=dimensions of the FET (general width and general length)

40 C.,,—-transxstor capacitance. 40
From this Equation of the switching current a differential equation may be de-
rived from which there will be apparent the dependency of the oscillation period T
upon the supply voltage. Depending upon the size of the trimmer or balancing capa-
15 citor 22 and the internal capacitance 23 the oscillation period T can exponentially in-

crease or decrease with i mcreasmg supply voltage U,.,,. 45
After switching of the FET's there occurs the exponential discharge of the capa-

citor 21. This discharge time is shorter, when with higher supply vohage the switch-

ing voltage becomes smaller and the capacitor 21 is less intensely charged, than with

lower supply voltage and relatively great switching voltage the capacitor 21 is more

50 intensely charged. 50
By suitably tuning or matching the capacitances 21 and 22 there is possible a

variation of the frequency as a function of the supply voltage in such a manner that

apart from the properties of the employed complementary metal-oxide-semiconductor

arcuit (C-MOS) it is also possible to adjust the circuit construction in such a manner

that over a certain rangc of the fundamental oscillations with a known size of the 55

supply capacitor 20 there can be obtained a slow variation of frequency.



30 the performance of the FET's 51, 52, 53, 54. Upon reaching the
swtching threshold 30 the FETs 51, 52, 53, 54 are rendered conductive,
and—specifical |y for—such length—of tinme until there i-s--attained the
required switching current I[err]. This switching current I[err] can be
represented by the follow ng Equation: EQUATION [err] [err] 35 In
this Equation the follow ng synbols have the foll ow ng neani ng:

35 U@] =gate voltage UT= threshol d vol tage UD=FET source-drain voltage Z

and nmensions of the FET (general width and general [|ength)
Clerrf=transistor capacitance. From t,la;ﬁlgquatl on of the swi t chi ng gLurrent
a differentiafr ﬂl]atl o ey b e rved romwhich—there—wH—be—appar ent

t he dependenc cqo cA H"%EF‘?"O meisisdu I F&q“l‘age
Eopen vg.spo ezt 2o Tl Bt & BB 5 the
i nternal capa«tmtmcnewﬂi&n tekiﬁors)smslahnﬂdgmmm trdsiror 1B. Wath d¥exero esisom| | y i n-

crease of decr@&s'em_e‘ig ag g‘rf&‘%e rize &€ cresisfance (vilue, hgttalsp swi t chi ng
of the FET n Pras ?‘% di scharge of the capa- citor 21.
Thi s di scharge t wEAT wEgpAReTs:-when with higher supply voltage the switch-
i ng vol tage becohes cienitl #@nseaml fqrmsh‘ts oMIonasprble@b fnmt emsel y char ged,

than witfp | O\A@F‘s%ﬁm" f‘ﬁ?ﬁ% il Mol tagg the
capacitor 21 'aﬁa% ator ﬁ?@ﬁ& capacitor for stabilis-

50 By suitabl yngtthﬂf 22 there is
possible a var| msrteq'a'mw Wa‘h# ﬁﬂé’?l%’@ﬂ@ﬂ’emml y vol t age
in such g manﬁ'é (%gﬁ & Q862 kiR i% R ALY 110 STMOVATs) 15

conpl enment aryn{m leaﬁbe ein&ﬁﬂibﬁ' u&imn&&uﬂ tm kitcuit| SO possi bl e
t o adj ust the betweenuthe astablesmyliinitratomand rthes supbly gapaciton esid B@ltivibrator cdmmt over a

certain range Pgges T %I M'ﬁ‘;ﬁljp‘m&rgg of the
suppl y capaci m% %% hed @ Srow variation o requemcy
4

4. A circuit arrangement for supplying clock pulbes/fof a Divjectile fuse sub-
4 Accordi ng t etargialbpas depcsbredchersipnvith seferends el theerirompanyipg A¥ingsat ed i n t he
circuit arrangenent of Figurgrft foTPERRCELXRRSIN C resi stance or resistor
60 is additionally arranged bet@#agéedPitdat Agentshe FETs 51, 52 and al so
between the FET's 53, 54, the funt%Pderddhreethi ch resistors 60 is anal ogous

to the resistor 13 Wth these two Mﬂ‘)rq 5 60 it is possible,
however, not onl ten Mgetys Matioperycifice by the Courics iess ¥7 but al so the
tappi ng-of f of t e cgut put g? ?g’# %}.ém 4 Kii‘}k"e* Ww M IS - 1. A

circuit arrangenent for dellverlng cl ock pulses for a projectile fuse, com
prising circuitry containing an astable nultivibrator and a supply
capacitor for the 10 vol tage supply of the astable nultivibrator, a
resistor connected in circuit between the 10 astable nultivibrator and the
supply capacitor, and a trinmer capacitor for stabilis- ing the frequency
of the clock pulses connected in parallel wth said resistor. 2. Acircuit
according to claim1 in which the astable nmultivibrator is provided with
field-effect transistors. 15 3. Acircuit arrangenent according
to claim2 where said field-effect transistors 15 total at |east four
in nunber and additionally to said resistor connected in circuit between
the astable nmultivibrator and the supply capacitor said nmultivibrator com



prises two inverters containing said field-effect transistors, each w
inverter incorporating two field-effect transitors, and a respective

resi stor connected in circuit between the 20 two field-effect

transi stors of each inverter - 20

4. Acircuit arrangenent for supplying clock pulses for a projectile fuse

sub- stantially as described herein with reference to the acconpanyi ng

drawi ngs. ERI € POTTER & CLARKSON, Chartered Patent Agents, 14 Oxford

Street, Not Qg.ham Printed for Her Majesty's Stationery Office, by the

Couri er Preéé,dleam ngton Spa, 1977 Published by Th Patent Ofice, 25

Sout hanpt on i lgi ngs, London, WC2A | AY, frqm,y\ﬂuch copl es nmay be obtainedg o
4 ’

4 According to a nodi fi% [,ﬁm{fbah 5@%%%mﬁmt%@m

circuit arrangenent iHd Galsb ®Etwech ARCFETS 53,54/
60 is additi onal |y afunerive et whiet mamb@tshndégoushe thefrdaistop 13. With thesd twd eegistors

bet ween the FET s 53‘50;'#4!$ P!%g theig, fize iy Esigenoy ?’%ﬂﬂf‘(ﬁ%us
to the resistor Repping %f'gwg“’?"é ;qi "ly 60 it is possible,

however, not onl y to ChowsT WECLAIM 48:+ €. re5| st ance vaI ue, but al so the

tappi ng- of of the out puﬂsAPrGWdﬂmnse ée!t'i'

circuit arrangggent ﬂ‘f?f“ W g‘ﬁ&&dﬁ"ﬁ pb':"‘t‘;hlﬁpﬂ,ecorr‘r 10
prising circuitry coqﬁmh vibriaro arld2 eulmy&pdat ) &hld O uﬂmiraapsﬁppoysmbms-
capaci tor for the 10mgthefrequydgbedecpphlycsmnn rator, a
resistor connected in '&ﬁf %mtcwlm%%IWﬂ“ﬂWﬁ’BPé t he

supply capacitop, and” t.%dt@rmekﬁbzlﬂmwm&mmﬁwcy 15
of the clock pul ses Qaﬂrueqtaaokomm todsaidegsigerogonnepted fn cirquit Ui t

according to claim 1hwemhﬁelﬁquvemalsﬁwe'%1 EPPIHOr| F‘%‘Eﬂ‘[‘%
field-effect transi stPG‘P% "'% :ﬁg;cﬂﬂ iR

where said fielaw-eff ?.asts tradsistos of &ﬁ&ral at | east four in _nunber and 20
additionally to said regi atdmruic emmgenicatifor 1 'Jplmuﬁg ipulseademna preicctle fuge sub-

mul tivibrator and thataatspps desaibetpardt withj fﬂ?"%’?@f‘y"&) "BF ses two

inverters containing said field- effmctm&mm i nverter
incorporating two field-effect transit ChétredrPtent Agsamect i ve resistor

connected in circuit between the 20 lfi@?“ﬂ S¥¥bef fect transi stors of
each inverter. 20 4. A c"!n[’cwt
arrangement for suppl yi figeg %%‘f“‘f"%s‘iﬂm Egifﬁtﬁﬂ;?oﬁdﬂtﬁ‘@‘cm’m
stantially as descri bed erel E4Hizh edpemiy O thwineicconpanyi ng dr awi ngs.
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