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1 :
SEQUENCING TIMERS

BACKGROUND OF THE:. lNVENTION

‘ " This invention relates to timing devices in general '
~~'particularly to sequenced timing performed electroni-

cally and specifically to sequenced timing with inde-
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pendently adjustable delays in wide limits. And as a’ :

. special case when timer has one smgle sequence it is
;called simply ‘timer * in this case

- features and advantages.

TABLE L

1. The subject “sequencmg timers” have long tlme‘

delays for example on the order of at least 1 hour;

2. They are also ¢ sequencmg that is, ‘adapted to gen-‘-'

erate a plurality of successive time- mdrcatmg signals;

3.1t is also adapted for stable operation in the face -

of relatively widely - varying ambient temperatures
such as approx. —30° to —70° C;

“increment timer.”
- 'See the following Table I contammg some dlstlnctlve

2.

' FIG. 2'is a representation of timing intervals per FIG.

FIG. 3isa block diagram of a sequence timer with

~f_successwe tinfing intervals or series mode of operation,

: FIG 4 is a representation of time intervals per FIG.
3.

FIG.'5 is an example of a preferred embodiment per
FIG. 1.~

FIG. 6 is an example of a preferred embodiment per

FIG. 3,

FIG.7isa generahzed block diagram of the sequenc-
mg timer.

FIG: 8 isan ’example of a preferred embodiment per

’"'-FIG 7.
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4. Itis also adapted to be 1mplemented with “off-the-

shelf” components such as resistors, capacitors, semi--

conductors, relays, etc., that are widely available “at
retailer,” rather than being specrally fabricated or ex-
hlbrtmg ‘excess values;”

5. It is relatively small and compact as opposed to
electro-mechanical devices for same purpose;
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6.Itis relatlvely “non-mechanical,” having no motor, ‘

cams, springs, etc. as in the prior art, can be sealed,
needs no maintenance;

7. It operates with a relatively low power consump- e

tion, e.g. on the order of 0.1 watt or less as opposed to
several watts for electro-mechanical dévices;

8. It is economical since it cost less than cam trmers,
etc.

Mechanical and electro mechamcal devrces are well
known in the art for example cam timers, spring.oper-

FlG 9is trmmg dragram of the timer per FIG. 8.

'DESCRIPTION OF OPERATION
Referring to FIG. 1, an adjustable clock frequency

~'source designated 1 produces periodic adjustable fre-

quency pulses and supplies them to a number n of ad-
justable incremeént timers. (An increment timer is a
modified RC type timer whose timing capacitor is not
being charged continuously but rather in small incre-
ments thus, producing long time intervals — as known
in the art.) For practical reasons only 3 adjustable tim-
ers are shown and designated 2,3 and 4 with respective
time delays T,; T, and T,. As one can expect n can
take any integer from 1 to infinity — or ini practice up

- 1o a reasonably high number like 10 or as necessary

30

“When n takes value 1, timer of FIG. 1 becomec an ‘in-

crement timer,” when n = 2 or more a true sequence

. timer results. All ad]ustable timers, in this case, are
: ‘being “pulsed” by adjustable clock frequency source at

35

ated timers, etc. Electronic timers, even with a single -

interval, do not exceed 5 or 10 minutes except in spe-
cial cases. As example see the description of an élec-
tronic sequencer in Motorola’s “Semiconductor Power
Circuits Handbook,” page 6-27, FIG. 6~ 23 Frrst Edr—
tion, November 1968.

Therefore, one objective of the mventron is to pro-.

vide long time intervals (in order of an hour and
longer) for a wide ambient temperature range and
using regular semjconductor and other electronic com-
ponents such as those available from retailer’s shelves.
It-is also an objective of this invéntion to provide long
time intervals by use of not more than | micro - farad
capacitors, and not more than 10 Megohms resistors as
variable timing means.

Mechanical and electromechanical systems of se-

quencing long time delays, though reliable and accu-",
rate, are bulky, require relatively high amount of power >
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~ spective time intervals T,";T," ;.

the same time from the very begmnmg, thus starting
their respectwe timing intervals at the same time -

-which is then called paraliel mode of operation. FIG. 2

represents graphically respective time intervals T,,T,,

..T,each being indicated by the length of an appropri--
ate arrow, .and - vrvrdly suggests the name “parallel
mode of operatron

Referring now to FIG. 3 we find agam an adjustable
clock. frequency source desngnated 5 in this case, and
adjustable timers: desrgnated 6,7 and 8 with their re-
.T,'. In this arrange-
ment timer 6 is being pulsed first. At the end of its tim-
ing interval Ty’ it fires and initiates operation of timer

17 which. srmllarly initiates operation of the succeding

timer etc. This process continues on and on until (n —
1) st timer initiates the operation of the last adjustable
timer in the chain - timer n which fires at the end of its

" timing interval:T;' thus completing the sequence. Sys-

for operatron require maintenance and-are subject to.

corrosion in some instances. -

It is, therefore, a further objective of this mventlon to

provrde reliable, relatively accurate, small in size de--

vice which would not require much electric power for

operation, any maintenance and be corrosion resistive.
It is also an objective of this invention to provide an

economical long delay timer. '

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a'block diagram of a sequence timer with
common starting time or parallel mode of operation.

tem can be now reset’ ‘manually or automatically by de-
priving all of them. of electric power for a short period
of trme This. type -of .operation readily suggests the
name “series mode of operation” which is even more
pronounced in FIG. 4 where the length of arrow repre-

_sents the length of the respective timing interval, while

its position on tlme -axis represents its sequencing posi-
tion timewise. k ‘ ‘
‘Referring to FIG. 5 is represents an example of the

- embodiment of FIG. 1 ‘without square 3 for sake of °
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space savings. In addition note a d-c power source des-
ignated 9:-and power switch designated 10. Square 1
represents adjustable clock frequency source based on
a relatively new voltage sensing and triggerring device
called Programmable” Unijunction Transistor (PUT).
For detailed information on PUT’s please see General



3

Electric’s Application Note 60.20 and also: ““Semicon-
ductor .Data Handbook,” First Edition, 1971, pages
702 = 707. Since PUT operates in same way as well
known Unijunction Transistor (UJT) and information
on its operation is readily available it will not be given
here for the sake of brevity. . S

Before we proceed let us note the similarity between
FIGS: 5§ and 8. This. is obvioussince FIG.:8 is special
case of FIG. § when n — 1, i.e., number of sequences
is 1. Accordingly, circuit elements in FIG. 8 are desig-
nated with same numbers and double primed for sake

of distinction. An additional difference between these

figures is the lack of contacts 27 in FIG. 8 since they
are not needed. Consequently, FIG. 9 is applicable to
both figures and explanation of operation of one figure
will suffice. Since blocks designated 55,56 and 57 in
FIG. 8 are identical to block 1 of FIG. § (except for
contacts 27) and FIG. 8 is a special case of FIG. §it is
also a special case of FIG. 1. Comparing FIG: 7 to
FIGS. 1 and 3 one will notice difference in rearrange-
ment of squares. Block designated ‘Capacitor Storage
Means’ in FIG. 7 is same as ‘Adjustable - Timer’ blocks
in FIGS. 1 and 3. Thus FIG. 7 is a more generalized dia-
gram of an increment type sequence timer. Consider
now FIG. 8 in connection with FIG. 7. FIG. 7 is a func-
tional block diagram consisting of 3 basic elements:
clock meams, isolation means and storage capacitor
means. Clock means consists of adjustable clock means
and a pulse stretcher designated respectively 55 and
56. Pulse stretcher 56 is used to enable isolation switch
means 57 to respond. properly and operate timing ele-
ments 58 as adjustable clock means 55 dictates. Output
from timing elements 58 is fed to sensing and trigger
means 59. Corresponding squares in FIG. 8 are desig-
nated with same numbers as blocks in FIG. 7 allowing
us to see that adjustable clock means 55 is an adjust-
able in frequency, temperature compensated PUT os-
cillator, pulse stretcher 56 stores charge from capacitor
13'' in its capacitor 18"’ discharging it slowly through
resistor 23’ and transistor 24’’ causing relay contacts
26’ to remain closed for much longer period than the
duration of pulse from 55 is and enabling operation of
relay 25'' by extremely short pulses. Block 57 is, then,
a relay with set of contacts — in this case. Timing ele-
ments are resistors 28°’, 29’' and capacitor 30"' — all
located in block 58. Finally, block 59 consists of a tem-
perature compensated. PUT circuit as used in sensing
and-trigger applications like in timers, oscillators and
has its counterpart-in-block 55. Refer now to FIGS. 8
and 9, Adjustable clock means 55 delivers a pulse once
per interval T (designated 60 in FIG. 9). At the nearly
same time contacts 26’ are closed allowing capacitor
30" to be charged for a small increment as indicated
in 61 (FIG. 9) at the end of first period T (in-terval T
named above). This is repeated again and again until
voltage across capacitor 30’' is high enough to-trigger
PUT 32" allowing discharge of capacitor 30''through
PUT 32" and resistor 31" aftera time délay T, as indi-
cated in 62 (FIG. 9) when an output pulse will appear
on terminal 33", - A .
Back to FIG. 5, the interconnection of elements in
block 1 is as follows: Negative terminal of ‘the d-c
power source designated 9 is connected to a common
lead designated 52, while positive ‘terminal is con-
nécted to one side of power switch 10, whose other end
is connected to the supply lead designated 53. Timing
elements consisting of a series connection of a timing
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capacitor designated 13, a fixed resistor designated 12
and a variable resistor designated 11" — are connected
respectively between said common and said supply lead
53. Interconnection of capacitor 13 and resistor 12 is
connected to anode electrode of a PUT designated 15
and having its cathode electrode connected ‘to said
common lead through a resistor designated 14. A resis-
tor designated 17 is connécted between common lead
and ‘the gate electrode. of PUT 15, their interconnec-
tion being connected to the cathode electrode of tem-
perature effects compensating diode designated 20,
while its'anode electrode is connected to the intercon-
nection” of reference voltage resistors designated 19
and 21 and connected, respectively, with remaining
ends to common and the supply leads. When voltage
across capacitor 13 reaches potential slightly higher
than reference potential across resistor 17, PUT 15
abruptly decreases resistance between. its anode and
cathode electrodes allowing capacitor 13 to discharge
as fast as elements connected to cathode permit. Dis-

- charge current forms a positive going pulse across resis-
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tor 14 approximately triangular in shape and of a typi-
cal duration 5 — 10 microseconds. Said discharge. cur-
rent is fed through diode designated 16 since its anode
is connected to PUT’s cathode and resistor 14. Diode
16 has its cathode connected to resistor designated 23,
while capacitor designated 18 is connected to said in-
terconnéction and with rémaining plate to common ter-
minal (lead) 52. Capacitor 18 stores -the received
charge from capacitor 13. Said resistor 23 has its re-
maining end connected to the base electrode of an
NPN type transistor designated 24 having its emitter
electrode connected to common terminal (lead) 52
and its collecter electrode to interconnection of a relay
coil designated 25 and anode -of a kick-back voltage
protective diodé designated 22 whose cathode and the
remaining end of relay coil 25 are connected to'lead
53. Charged capacitor 18 supplies the base current for
transistor 24 for some 5 msec. Diode 16 becomes re-

verse biased as soon as voltage across it reaches refer-

ence potential less a junction voltage drop (about 0.6
to. 0.8. Volt), thus, prevents capacitor 18 discharge
through resistor 14. Transistor 24 is driven into satura-
tion causing relay contacts 26 and 27 to change posi-
tions from those in the drawing to opposite ones and
remain there for few msecs. Oscillator pulse of some 5

‘microseconds duration has been “stretched” to msecs.

Period of oscillation must be, therefore, longer than du-
ration of the stretched pulse (5 msec in this case) in
order to- permit relay contacts to. stay also open and .
allow incremental charging of capacitor 30 in block 2
and capacitor 40 in 4. ,

Note now that value of capacitor 13 need not be
larger than 1 microfarad since period of oscillation up
to 1 sec. can be covered with a resistor being adjustable .
up to 1 megohm or so. Capacitor 18 is of about same
value as capacitor 13..Capacitor 13 should be of a low
leakage type like mylar, polyesther, metalized paper or
any similar. Capacitor 18 in turn is an electrolytic type
with such. temperature. leakage .characteristic as to
compensate for voltage drop changes in. associated

semiconductors (16 and 24). Temperature effects on

PUT 15 are compensated by diode 20. This way adjust-
able clock frequency oscillator will be stable in wide
temperature limits, since PUT’s have low leakage be-
tween gate and anode electrodes. » -



Let us consrder n w -block 2 'whrch is c1rcurtw1se

v ldentlcal to ‘all remaining; ‘blocks. Assummg, foriexam- -

ple only;: contacts 26 permanently ‘closed; block 2is°

then identical'toioscillatorin ‘block 1 and its.operation -

'needs no long explanations. Its time delay with same:
valués. as. in'block 1 would be: certamly id‘entlcal (up. to
1 sec. as: ant:crpated) However, contacts ‘26 are most-
. of the time open. ‘and capacitor 30 can' :be charged in
small increments only as clock frequency from block 1
dictates. Assuming perfect isolation- of capacitor.’30,
while contacts are open, and that' portion - of time .
contacts are closed is: only a fraction'of the clock fre-
-quency period, then'it is clear that the time delay of the
“ block 2 will be hundreds of times longer and even thou-

sands of times longer than clock frequency period re--

sulting in-delays of over 1 hour Regarding temperature
influence same holds for block .2: as for oscillator in
block 1, and in addition, durmg the time contacts 26

5

are open insulation resistance is extremely high and.-

leakage current negligible by all standards even at high-
est operative temperatures. The only leakage current to
‘which timing capacitor 30 is exposed ‘is through the

20

gate - anode junction of PUT 32, This leakage is small .~
and typically equals less than 5 nanoamperes at 75°C

ambient temperature, at 10 Volts reverse voltagé. This
leakage can be compensated by proper choice of ca-

pacitance and resistance characteristics versus ambrent'_
temperature of capacitor 30 yielding possibility of mak-

ing time delays of many hours with' accuractes better
than 10 percent.

Some counters and tlmers usmg mcremental charg-
ing in different ways known in prior art are- shown in
the following U.S. patents : ~

A. 8. Fitz Gerald Pat. No. 2,110,015 (CL177-353).
D. F. Moore. Pat. No, - - 2,915,632 (CL250-27)
C. W. Harrison Pat. No. 2,924,708 (CI.250-27).
B. B. Nichols Pat. No. 3,105,158.(CL.307-88:5)
J. Rywak Pat. No. 3,158,757 (C1.307-88.5)
H. B. Kadah Pat. No. 3,378,698 (Cl.307= 225)
A. F. Goodwin Pat. ’3 456,554 (Cl .89= 135)

Addrtlonal 1mprovements ‘on crrcurts glven in thls ap-"- e

25

plication are: use of constant current.source mstead of .
resistors for timing purposes, use of additional sets of *.

contacts to isolate storage capacitor from PUT’s whrle

sulting in better circuit economy, pulsing of anodes or’

gates to decrease. peak point current etc.

Referring now to FIG. 6 one will note that the clock”j,SO' »

frequency oscillator in block 5 is identical to that of -
block 1in FIG. 5. Blocks 6 and 8, however, differ par-
tlally as compared to blocks 2 and 4 in FIG. 5, which

is necessary to assure serial operation. This is achieved

by triggering f.e. Silicon Controlled Rectifier (SCR)

designated 49 in block 6, FIG. 6. Cathode electrode is.
connected to common lead 52’, gate to cathode of PUT '

32’ and anode 1o a resistor designated 48 having other
end connected to the supply lead 53'. To the intercon-

tor is connected, being designated 50, and having re- -

maining end connected to the base electrode of a PNP "

transistor designated 51, emitter being connected to.

supply lead 53', while collector to a lead designated 54
which will supply the successive timer with, the d-c
power needed for its operation. As PUT 32’ fires at the
end of its timing interval, T,’, SCR 49 will be triggerred

65 .

.60
nection anode - resistor 48 a base current limiting resis- - ©

tnto conductron brmgmg the potentral across its anode
to about 1'Volt above. commonlead 53'. The rest of the
"supply’ voltage will be
" w/base: emltterjunctron of transistor 51 causing it to enter

e;rmpressed across resistor 50 and

saturatlon and supply nearly. full voltage from source 9’
to the’ adjustable timer that follows.block 6. This pro-
‘cess continues until Jast sequence is performed by ad-

'Justable timer, here designated, 8. A

lt is to.be noted that besides.usual delay ad)ustment
0 for edch’ sequence a common adjustment by changing
clock frequency is an advantage. Also the possibility to

_do adjustments of time delays by changing reference

voltage and pulse stretching are options not to be disre-
garded. And possibilities ‘do not end here as those
skilled in the.art know — yet the basis remains the
same. '

I claim:

LA sequencmg timer having a plurality of sequences
all starting at the same time and produces a pulse at the

‘end of each sequence, consists of:

a d-c power source, having a positive and a negative

~ terminal, said negative terminal is connected to a
" common ‘lead, said positive terminal is connected

to the first terminal of a power switch, while the
second terminal of said power switch is connected
- to a supply lead,

“a clock frequency source includes a timing resistor
- connected between said supply lead and a first ter-
minal of a current limiting resistor whose second
termmal 1s connected to the first plate of .

a storage capacitor having’ the second plate con- -

" nected to said common lead,

mterconnectlon of sard current limiting resistor and
35

+said ‘storage capacitor is connected. to the anode
e]ectrode of a Programmable Unijunction Transis- -

‘-'_ ‘tor (PUT) whose cathode electrode is' connected
through a pulse formmg resrstor to said common
lead, .

‘gate electrode of sard PUT is connected through a bi-
-asing resistor to said common lead, said intercon-
‘nection of gate electrode. and. .biasing resistor is
connected also to the cathode electrode of

Ta compensatlng diode havmg anode electrodeé con-
450

awaiting incoming chargmg period, use of a smgle ref- -
erence voltage source for all adjustable timers — re-.

;nected to interconnection of two PUT reference
voltage resistors connected between sald common}
‘and ‘said supply lead,

“ "‘vsald PUT-cathode electrode is connected to a pulse

stretchmg circuit which includes
,anode electrode of a blocking, diode whose cathode
" electrode is connected to the first plate of a capaci-
2. tor, having the second plate connected to:said com-
- mon lead, a base resistor connected between. the
said- diode- capacrtor mterconnectron and a ‘base.
electrode of .
) ..an n-p-n transxstor havmg emltter electrode con: -
- “nected to'said common lead and the collector elec- .

“trode connected through a relay coil to said supply

lead, a transient" protection - diode " is connected
_.across said relay.coil having cathode electrode con:
" nected to the. positive - end of sald coil, said relay-
* - coil operating. :
: multlple sets of mutually rsolated contacts, each set
of contacts is utilized to pulse at least one sequenc-
ing.circuit Wthh includes
a normally open ¢contact connected through a tlmmg
resrstor to sard supply lead .
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a.common contact being. connected through-a cur-
‘rent limiting resistor to the interconnection of the
first plate of a

storage capacitor, having second plate connected to
" said common lead, and an anode electrode of a

“+PUT, whose cathode electrode is connected to an

“ output-terminal and to the first terminal of a cath-

~-ode resistor, having second termlnal connected to

“said common lead, ‘

- the gate electrode of said PUT is connected through
a biasing resistor to said common lead and to the
" “cathode electrode of a biasing diode, whose anode
.electrode’ is connected to the interconnection of
the two PUT reference voltage resistors connected
-between said common and said supply lead.

2. Circuit as recited in claim 1 and having said timing
resistor adjustable to provide varying of the clock fre-
quency thus, duration of all sequence intervals.

3. Circuit as recited in claim 1 and having said timing
resistor adjustable, within said sequencing circuit, to
provide independently adjustable intervals in each and
every sequence.

4. Circuit as recited in claim 1 and having one single
sequence by prov151on of a single set of contacts and a
single sequencing circuit.

5. A sequencing timer having the plurality of se-
quences, the first sequence starting at the moment the
power is supplied to the circuitry, the second sequence
starting at the end of the first- sequence, the nth se-
quence starting at the end of n — 1st sequence, a pulse
is produced at the-end of each sequence, said sequenc-
ing timer consisting of:

a d-c power source, having a positive and a negative
terminal, said negative terminal is connected to a
common lead, said positive terminal is connected
to the first terminal of a power switch, while the
second terminal of said power switch is connected
to a supply lead,

a clock frequency source includes a timing resistor
connected between said supply lead and a first ter-
minal of a current limiting resistor whose second
terminal is connected to the first plate of -

a storage capacitor having the second plate con-
nected to said common lead,

interconnection of said current llmltmg resistor and
- said storage capacitor is connected to the anode
electrode:of a Programmable Usijunction Transis-
tor (PUT) whose cathode. electrode is connected

- through a pulse formlng resistor to said common
lead,

gate electrode of said PUT is connected through a bi-

.. asing resistor to said comman lead, said intercon-
nection of -gate electrode and biasing. resistor is
connected also to the cathode electrode of

a compensating diode having anode electrode con-
nected to interconnection of two PUT reference
voltage resistors connected between said common
and said supply lead,

said PUT cathode electrode is connected toa pulse
stretching circuit which includes °

anode electrode of a blocking diode whose cathode

- electrode is connected to the first plate of a capaci-

- tor, having the second plate connected to said com-
mon lead, ‘a base resistor connected between the
said diode-capacitor interconnection and a:base
-electrode of
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an-n-p-n ‘transistor “having emitter -€lectrode ‘con-

nected to said common lead and the collector elec-

" trode connected through a relay coil to said supply

lead, a transient protection diode is connected

" across said relay coil having cathode electrode con-

nected to the positive end-of sald coil, sald relay
coil operating

“multiple sets of mutually 1solated contacts, each set

- of contacts.is utilized to pulse at least-one sequenc-

- :ing- circuit, the. first set of contacts is utilized .to

pulse the first sequencing circuit which includes - -

a normally open contact connected through a timing

resistor to-said supply lead,

. a common contact being ‘connected through a.cur-

rent limiting-resistor to the mterconnectlon of the
first plate of a

storage capacitor, having second plate connected to
-said common lead, and an anode electrode of a
PUT, whose cathode electrode is connécted to an
output terminal and to the first terminal of a cath-
ode resistor, having second terminal connected to
said common lead,

the gate electrode of said PUT is connected through
a biasing resistor to said common lead and to the
cathode electrode of a biasing diode, whose anode
electrode is connected to the interconnection of

‘the. two PUT reference voltage resistors connected

between said common and said supply lead,

the first sequence output terminal is also connected
to the gate electrode of the first Silicon Controlled
Rectifier (SCR) having the cathode electrode con-
nected to said common lead and anode electrode
connected through ,

a first anode resistor to said supply lead, said anode
electrode is also connected through

a first base resistor to the base electrode of

a first p-n-p transistor whose emitter electrode is con-
nected to said supply lead and, collector electrode
connected to the next sequencmg circuit thus acts
‘as the first supply léad,

a second set of contacts which consists of a normally
open contact and a common contact, these
contacts being used to pulse a second sequencing
circuit, which is of identical configuration ‘as de-
scribed first sequencing circuit, said second set of
contacts operates ‘associated circuit after the first
sequencing time interval is over, said second se-

“quence circuit being able to deliver a pulse at the
end of said second sequence interval, and supply
the power ta the third sequencing circuit, an nth set
of contacts which consists of a normally open
contact and a common contact, these contacts are
used to pulse the nth sequencing Cll‘CUlt n being an
integer larger than two,

normally open contact is connected to the first termi-
nal of the nth timing resistor whose second termi-
nal is connected to the collector electrode of n —
st sequencing circuit, said collector electrode act-
ing as the n-1st supply'lead

the common contact is connected through the nth
limiting resistor to

the first plate of an nth storage capacitor which has
* the: second plate connected to said common lead,
said first plate is also connected to:the anode elec-
trode of the

nth- PUT having cathode electrode -connected
through the nth cathode resistor to said common
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lead, said cathode is also connected to an nth out-
put terminal,

gate electrode of said nth PUT is connected through
an nth biasing resistor to said common lead, said
interconnection of biasing resistor and gate elec-
trode is connected also to the cathode electrode of

an nth compensating diode whose anode electrode is
connected to the interconnection of the

two nth PUT reference voltage resistors connected
between said common and said n — 1st supply lead,
said nth sequence circuit being able to produce a
pulse at the end of the nth sequence interval.

5

10

6. The circuit of claim 5 and having said timing resis-

tor adjustable to provide adjustable clock frequency
which causes the change in duration of all sequences.

7. The circuit of claim 5 and having said first timing

resistor adjustable, and said nth timing resistor adjust-
able to provide independently adjustable interval in
each and every sequence.

8. The circuit of claim 5 having one single sequence

10 by provision of a single set of contacts and a single se-
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quencing circuit.

* * * * *



