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DISCLAIMER
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process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



UCRL-2945%

UNCLASSIFIED

UNIVERSITY OF CALIFORNIA

Radiation Laboratory
Berkeley, California

Contract No, W~7405-eng-48

A HIGHLY STABLE TIME-DELAY CIRCUIT
Warren C. Struven
April 5, 1955

Printed for the U. S, Atomic Energy Commission



2. ' UCRL-2945

A HIGHLY STABLE TIME-BELAY CIRCUIT
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A pxeci'aion time-delay circuit bao recently been develoﬁed in connection
with the Bevatron magnet-timing equipment, The operating conditions required
a clrcuit with a stability of at least 1 part in 1, 000 over a dslay range of 150
milliseconds to 2,5 secomiao This circuit has a lower iimit of 3 milliseconds
and an indefinite upper tmit {remtrﬁcted only by the maximmum value of timing
capacitozf used). The circuit also provides relay contacts for external usge if
desired. '

The circuit used is a modified form of Schmitt trigger where the hysteresia
(usually assoclated with the Schmitt) is determined mainly by the eperation time of
the relay. The hysteresis of the ugual Scbmiit trigger is determined mainly by the
value of cathode resistance, The cathode resistance is determined by input tube
ga.inf; the tr'énsconductanceso plate resistances, and the plate load resistances,

In the rest state, "C" (see Fig, 1) is charged to -E (zelay position No, 1),
Whlen a positive gate is 2pplied to the pentode grid, the pentede is caused to con-
duct, emergizing the relay and moving the swinger to relay pooitien Mo, 2. The
triode is immediately cut off, and remains cut off until the grid voliage just passes
the cutoff voltage, at which time positive feedback cuto off the pentode and reetores
the circuit to its rest position, The capacitor charges toward +E. In the operation.
it is noticed that the ond of the timing cycle occurs when the capacitor voltage ie .
just slightly more positive than the cathode, Note that both +E and -E are of equm
value, Therefore, i{ +E and -E vary, the timing accuracy io not materially
mffectedoz This voltage is most easily obtained by grounding the center top of a
regulated supply. The Bevatron magnet pulse timing eqéiipmens uses two puch
circuite; one has a variable range of 0.15 sec to 2.5 sec (time of rectification |
cyciel, and a 2, 5-sec lockout circuit to insure that a particular repetitica rate in
not excee&ede Both circuits have operated for i-i/z years with a long-term: stabil-
ity of better than 1 part in 1, 000, The jitter {from cyele to eycle) ig less than i pazt

l. O, Schmitt, A Thermionic Trigger, JoSeci.Instr. 15 No. 1, p.24, Jan. 1938,
2, 8. Wald, Precision Interval Timer, Electronics 21 p. 88, Dec. 1945,
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Permission for publication of this information in whole or in part is granted
by the avthor and the University of California Radiation Laboratory operated
for the United States Atomic Energy Commiss:on.
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Fig. 1. Time-Delay Circuit
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A precision time-delay circuit has recently been developéd in comnection

with the Bevatron magnet-timning equipment., The operating conditions raquired
2 cizcuit with a atability of at least 1 part in }, 000 over 2 delay range of 150
milliseconds to 2.5 geconds. This circuit has a lower limit of 3 milliceconds
and an indefinite upper Hmit ifeatrictled oniy by the maximum value of timing
capacitor used). The circuit also provides relay contacts for external use if
desired, - | |
The circuit ubed is a modifisd form af Schmxtt trigger where ﬂ:he hysteresis
{usually assoclated with the Schmitt) in determmed ma.mly by the operation time of
the miay“ The hysteresis of the woual Schmitt trigger is determined mamly by the
value of cathode resistance, The cathode resistance is determined by input tube
gmn@ the tra.neconduetamcea,, plate resistances, and the plate load ;emiamces’n

In the rest otaté, "'C" (see Fig, 1) is charged to -E (relay position No. 1}.
When a positive gate is applied to the pentode gridg the pentode is cauged to con-~
duct, energizing the relay and moving the swinger to relay pooition No, 2, The
triode is immediately cut off;, and remains cut off until the grid voltage just passes
the cutoff voltage, at which time positive feedback cuts off the pentode and reotores
the circuit to its rest position, The capacitor charges toward +E. In the operation.
it is noticed that the end of the timing cycle occurs when the capaciter voitage is '
just slightly more positive than the cathode. Note that both +E and -E are of equal
value, Therefore, if +E and -5 varyn the timing accuracy is not materially
affectedoz This voltage is most easily obtained by ground‘.ng the canter top of &
regulated supply. The Bevatron magnet pulse ummg eqmtament uses two such
circuite; one has a variable range of 0,15 sec to 2,5 sec (time of rectification

- eyels), and a 2. 5-sec lockout cizrcuit to insure that a particular repetition rate in

not exceeded, Both circuits have operated for 1-1/2 years with a long-term ptabil~
ity of better than 1 part in 1,000, The jitter (from cycle to eycle) ie legs than 1 past

lo O. Schumitt, 4 Thermieonic Trigger, J.Sci.Instr, 15 No. 1, p.24, J¥an. 1938,
2, 8, Wald, Preciscion Interval Timer, Electronics 21 p. 88, Dec. 1948, '
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