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A HIOaLY STABLE TIME.,.DELAY CIRCUIT 

W a.rren Co Struven 

Radiation La.bora.tory0 Department of Phyeics 
University of .California, Berkeleyo Cwforillia. 

April 5, 1955 

A precision time .. delay circuit ha:o recently been developed in connection 

with the Bevatron magnet .. timing eqW.pmento The operating conditione required 

a. cireuit with a: stability of at least 1 part in lo 000 over a. delay ranga of 150 

mUlheconds to Zo S secondeo This circuit has a lower limit of 3 millie«.~condo . . 
and an indefinite. upper limit (remtrictE!!d only by the maximwn .value o£ timing 

capacitor use~)o The circuit also provides relay contacts for external use .if 

desired, 

~e circuit uoed is a. modified form of $Cbmitt tr~gger whe,r~ the hyuterelei5 

(ust\ally a.omocla.ted with the SchD:'itt) is determined mainly by the operation time of 

the relay" The hy.teresis of the uoual Schmitt trigger io determined mainly by the 

value of cathode resistance... The cathode resistance io determined. by input tube 

gain~· the tr·anaconduct&nees., plate resistances9 and the plate .load reaistances., 1 

In the rest statee "C" (eee Fig,. 1) is ciuwged to -E (relay position Noo l)o 

Wh.en a. positive gate is applied to the pentode grido the pentod.e is caused to con­

duct(l1 energizing the relay and moving the swinger to relay pooition Noo 1... The 

triode ia immediately cut off0 and remains cut off until the grid voUage jumt paEH!ii?H' 

the cutoff volta.ge0 at which time p.oeitive feedback c:uto off the pentode and re&Jtoreo 

the circuit to its regt poeitiono The capacitor chargee toward +E... In the operation~ 

it is noticed that the end of the timing cycle occurs when the capacitor voltage is 

ju.st slightly more positive than the cathodeo Note that both +E and ... ,E are of equal 

value, The:.reforeo if +E amd -E va.ryq the timing accuracy io not materially 

affected., l This voltage is most easily obtained by grounding the C<!9nter top o£ a 

regulated supply., The Bevatron magnet pulse timing eqi.Upment use; two such 

circuits; one ham a variable ra:.nge of Oo 15 sec to Zo 5 sec (ti.me of rectification 

c::y(!le)o and a Zo S-sec leckou.t circui~ 'io. in'oure that a particular repetition rat~ ·ia 

not exceededo Both circuits have operated for l-1/l. years with a long .. te!'m otabiJ. ... 

ity of bette!' than 1 part in 1, 000.. The jUter (from cycle to cycle) h leBG than l part 

lo 0., Sch:mitt(,) A Thermionic Triggerf) J~Sciolnstr., 15 No., ln p.,.~4o Jano !938o 
. -

Zo S., W 0ld0 Precision Interval Timer0 Electronics Zl P• 880 Deco !94lS., - .. 
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A HIOliLY STABLE TIME-DELAY CIRCUIT 
W a.rren C., Struvan 

Radiation Laboratory() .Department of Physiee 
University of Californiao Berkeleyo California 

April 5!) 1955 

A precision time-delay circuit hae recently been developed in connection 

with the Bevatron magnet-timing equipmento The operating conditions required 

a. circuit with a· stability of at lea.ot 1 part in 1o 000 over a dola.y ra.ngo of 150 

milUsecondm to Zo 5 seconcisQ Tbie circuit has a lower limit of 3 milliseconds 

and an indefinite. upper Umit (restricted only by the maximwn .value of timing 

capaCitor usecl:)o The circuit also provideo relay contacts for external use if 

desired .. · 

The circuit u~ed ia a. modified form of $Chmitt tr~gger wbere the hystere~:hl) 

(\umally associated vlith the Sc~itt) is determined mainly by the operation time of 
. . 

the relay., The by.tereai& of the \:UJual Schmitt trigger is determined mainly by the 

value of catbo~e resistance(! The ca.Ulode resistance io determined. by input tube 

gain.~ the tr-anscondu.ctanceal) plate resistanc:esr~ and the plate .load remiataneee., 1 

. . In the rest eta.tec "C" (oee Fig,. 1} is charged to -E {relay position No,.. l)o 

When 11. positive gate is applied to the pentode grido the pentod.e is caused to eon­

duct" energizing the relay and moving the sw,inger to relay position No., Z.o The 

triode io immediately cut off0 and remains cut of.f until the grid vohage juot paooem 
' 

the cutoff volt&ge0 at which time p.ositive feedback cutu off the pentod<i.l a.nd reeto:re!il 

the cir~uit to its rest positiono The capacitor charges toward +Eo In the operationc, 

it is noticed that the end. of the timing cycle occurs when the capacitor voltage is 
. . . 

just Glightly more positive than the catbodeo Note that both +E and. .,E are of equa.l 

value, Therefore0 if +E a.nd ... ,E va.ry0 the timing accuracy is not materia.Uy 

&ffect.edo Z This voltage is most easily obtained by grounding the C<B nter top of a 

regulated supply ... The Bevatron magnet pube timing eqW.pment u.seo two AJut:h 

eireuits; one has a variable re.nge o£ Oo 15 sec to Zo 5 sec (time of rectUlca.ticn 

cyde)o and a. Zo 5-aec lGCkout cil'eui~ to insure ihat a particular repetition r.ate ·h 

not exceededo Both circuits have operated for } .. J./2. years with a long-term stabil .. 

ity of batter than 1 part in lo 000., The jitter (from cycle to cycle) h lems than l pa,:$'t 

---=-=-----·-·------------------lo 0., Schmitt0 .A Thermionic Trigger!) J~Scioinstr ... 15 No., 10 p.,.£4" Jan..,. 1938o 
. -

Z, 5., W ~ldo PrE'lcision Interval Timer I} Electronics ll p ... 880 Dec., l948., 
. -
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