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TRI AC CONTROL CIRCU T Technical Field This invention is an el ectronic

circuit for firing a triac at a controllably variable firing angle

foll owi ng each zero crossover of an AC power 5 wavef orm Background Art
Triacs are ] uctor devices used to control the p by an
electrical | o§’§ ’?’?)’21910 an AC |I|ine. They are fougi(‘:l@fnllgnﬁhn%
comon applications such as light dinmers and notor speed controls for
power tools. Atriac is practically an open circuit until it receives a
pul se of current into its "gate" term nal, whereupon it becones 15
practically a 'short circuit wuntil the current flowng between its

"main term nal s" reaches zero, when it reverts to an open circuit and
remai ns open until another pulse of gate current occurs. If a triac is
connected in series between an 20 electrical load and an AC Iine,
the load is connected to the line when the triac is a short circuit.
Duritng the part of the cycle when the triac is an open circuit, the load is
practically disconnected from the Iine. If the load is 25
resistive, the triac enters its open circuit state
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TITLE: TRIAC CONTROL CIRCUIT

Technical Field
This invention is an electronic circuit for
firing a triac at a controllably variable firing
angle following each zero crossover of an AC power
5 waveform.

Background Art
Triacs are semiconductor devices used to
control the power taken by an electrical load from
10 an AC line. They are found in many common
applications such as light dimmers and motor speed
controls for power tools. A triac is practically an
open circuit until it receives a pulse of current
into its "gate" terminal, whereupon it becomes
15 practically a short circuit until the current
flowing between its "main terminals" reaches zero,
when it reverts to an open circuit and remains open
until another pulse of gate current occurs.
If a triac is connected in series between an
20 electrical load and an AC 1line, the load is
connected to the line when the triac is a short
circuit. During the part of the cycle when the
triac is an open circuit, the load is practically
disconnected from the line. If the load is
25 resistive, the triac enters its open circuit state
when the line voltage and load current are both



when the line voltage and | oad current are both WD 96138772

PCT/ US96/ 00782 2 zero. For inductive |oads such as notors, current reaches
zero at sone determnate tine after |ine voltage crosses zero. Therefore,
for resistive or conbined resistive and inductive loads, it is 5

ossible to _Jload power by controlling the timng of ent
Bul ses rel at ﬁg‘gs‘%’%l’?ero clroossi ngg of the AC Igi ne. In light 5??1}%33?@6%%2 power
t ool speed controls, changing the gate pulse timng is done by manual 10
adjustnent of a potentioneter. There are, however, triac applications,
such as automatic control of a notor, where gate pulse timng nust change
In response to a control voltage. 2 The present invention is an

i nexpensive circuit useful for such 15 appl i cati ons. Circuits for the
same purpose ar e2&FRwn For tifelustiiye apadsf BRCRy@FIRLQES s WA eRE Ranshaw, )
R S., "Power E eﬁéaicﬁms:Sz&tm' sonduﬁéoaeSth&hesé, tﬂafapmneanciildél I, 1993,

pg. 198. However e _present inventio signific .

reductions in cdg?i%ﬁﬁélﬁﬁﬁﬁ%%gnfe58untQggr%géﬁaﬁ #%?c%ﬁﬁ%:%ﬁﬁ%oﬁ?m th ot her 1

circuitry, a weltompingd resistive and inductive 1loads, it is
5 possible to control load power by controlling the
timing of gate current pulses relative to zero
crossings of the AC line.

In light dimmers or power tool speed controls,
changing the gate pulse timing is done by manual
10 adjustment of a potentiometer. There are, however,
triac applications, such as automatic control of a
motor, where gate pulse timing wmust change in
response to a control voltage. The present
invention is an inexpensive circuit useful for such
15 applications. Circuits for the same purpose are
known in the prior art, for example as shown in
Ramshaw, R.S., "Power Electronics Semiconductor
Switches®", Chapman and Hall, 1993, pg. 198.
However, the present invention cffers significant
20 reductions in cost and component count by using, in
combination with other circuitry, a well known
integrated circuit, the 555 timexr, which, in a
single low-cost package, has most of the functional
circuit blocks necessary for triac pulse timing in

25 response to a control voltage.
The 555 timer is described in several
references which have been cited in an information
disclosure statement. It is produced by many major

semiconductor manufacturers in the U.S. and

30 overseas. EBach manufacturer‘s 555 part number is .
different (i.e., LM555 ({(National Semiconductor),
MC1555 (Motorola), CA555 (Harris Semiconductor}, -

NES55 (Texas Instrument), but all are nominally
identical devices. Therefore, the texrm "555 timer
35 circuit® is used to designate a circuit having the
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readily available at 1low cost. Additionally,
multiple 555 timer circuits are integrated in a
single chip, such as 556 timer circuits which
include two 555 timer circuits. Another advantage
of the 555 timer circuit in applications of the
present invention is that, being an existing device,
it can be incorporated with relative ease into an
application specific or custom fabricated integrated
circuit in which it would be one part of an
integrated control system. Still another advantage
is the ability of the 555 ocutput circuit to source
or sink enocugh current to fire large triacs.

Brief Digclosure Of Invention

The invention is a triac control circuit for
generating triac f£iring pulses which are spaced from
each other by a time interval equal to one-half the
period of an AC line waveform. The time interval
between zero crossover of the AC line signal and the
next triac firing pulse is controllable by the
magnitude of a control signal. A trigger pulse
generator circuit has its input connected to the AC
line and generates a pulse at the trigger pulse
generator output at the time of each zero crossover
of the AC line. A variable, one shot, pulse
generator circuit hasg its trigger input connected to
the output of the trigger pulse generator and
generates a rectangular pulse at the one shot

output,
trigger

which is initiated by the pulse from the
pulse generator circuit. The rectangular

35 pulse terminates following a time interval which is



of the 555 tinmer circuit in applications of the 10 present invention is
that, being an existing device, it can be incorporated with relative ease
into an application specific or customfabricated integrated circuit in

which it would be one part of an integrated control system Still another
advant age 15 he ability of the 555 output circuit tg Sey Sink
enough currenvot%é?’lire | arge triacs. Brief Disclosure of Invention The
invention is atriac control circuit for 20 generating triac firing

pul ses which are spaced fromeach other by a tine interval equal to
one-half the period of an AC |ine waveform The time interval between zero
crossover of the AC |line signal and the #ext triac firing pulse S

controll able by the 25 magni tude of a_control signal. A trigger pulse
gener at or C|rCU|F°ﬁ5§°;%§d|HbthEoﬂﬁgﬁ%Eﬂd?o°fhéh%CCPPE€°%n81%%%brates a
pul se at the tri gpplipdl se gkeectairolouinmiitr af the bnﬁEshbtepm:IBezero

crossover of thegAgeEEESr c%%d%ﬂ%'ablgﬁ ?Qﬂ§%2Q§%F %ﬁ%ﬁgg g generator

circuit has its trigger [nput connecte trlgger pul se
generator and geseracesed rtext BhgulWtEmH s@fatth%eoéﬁeﬂéfm BRI$RIt, which

is initiated by igepeputse bheBuibeahdi 9861uded S§ HEOR' phos ELlEawt . The
rectangular 35 .,k 38e ! OB EPed ALY ELEE b YRl on s
firing pulse at the termination of the rectangular
pulse.

10 Brief Degcription Of Drawings

Fig. 1 is a simplified block diagram of the
elemental components of the invention.

Fig. 2 is a more detailed block diagram of the
invention. The terminals VCC, Control, Trigger,

15 out, threshold, discharge, and ground are labelled
with the same designations given to terminals of the
commercially available 555 timer circuits. The
blocks "first comparator®, "second comparator",
"flip-flop", "inverter", “electronic switch" are all

20 sub~-circuits of the 555 timexr. The three resistors
are also part of the 555 integrated circuit.

Fig. 3 is a series of oscillograms showing
waveforms of voltage and current at significant
locations in the circuit of Fig. 1.

25 Fig. 4 and Fig. 5 are specific circuits, either
of which can be used for the functional block
"Trigger Pulse Generator" of Fig. 1.

Fig. 6 is a series of oscillograms showing
waveforms of voltage at significant locations in the

30 circuits of Figs. 4 and 5. o

Fig. 7 is a specific circuit which can be used
for the functional block "pulse forming circuit” of
Fig. 1.

In describing the preferred embodiment of the

35 invention which is illustrated in the drawings,
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controlled by the magnitude of the control signal applied to the control
i.nput of the one shot pul se generator circuit. A pulse formng circuit is
connected to the output of the one shot pulse 5 generator circuit and
I ncl udes a hi filter and diode. This pulse form ng ci a
triac firing %glgg@% the termnation of the rectangul ar puI]gstgmjé%ﬁ"pﬁkinS
Brief Description O Drawings Fig. 1 is a sinplified block diagram of the
el emental conponents of the invention. Fig. 2 is a nore detail ed bl ock

di agram of the invention. The termnals VCC, Control, Trigger, 15

out, threshold, discharge, and ground ar® | abelled wth the sane
de5|gnat|ons given to termnals of the comrercially avail able 555 tiner
circuits. The PsckEict itexminghpay aWbill, bes XEARFTEShJH afd¥ " the

"LI ip-flop", "i n‘éﬁfkbebf ciakeeyrom{@wmﬁ ch't airee ridd ﬁﬁendedsuhaﬁl rcui Ejs of
the 555 tiner. hr ee Lesi g 0, art n{.egrate
circuit. Fig. 3 |§ a%?gF 5§°8f S?agé E 8 é?%Eéo%gvoltage

and turrent at suS@Aefctedntand)catau om rcn’ the cmd@m%oeﬂ Fﬂgﬂt 1each
5 specific term includes all technical equivalents

which operate in a similar manner to accomplish a
similar purpose. For example, the word connected or
terms similar thereto are often used. They are not
limited to direct connection but include comnection
10  through other circuit elements where such connection
is recognized as being equivalent by those skilled
in the art. In addition, many circuits are
illustrated which are of a type which perform well
known operations on electronic signals. Those
15 skilled in the art will recognize that there are
many, and in the future may be additional,
alternative circuits which are recognized as
equivalent because they provide the same operations
on the signals.
20
Detailed Description
Fig. 1 is a simple block diagram illustrating
the principal components of the invention. An AC
power source 2, such as a service line from a
25 commercial power company, is applied to a trigger
pulse generator circuit 3. The trigger pulse
generator circuit 3 generates a pulse at its output
for each zero cross-over of the AC line signal of
the source 2. The output of the trigger pulse
. 30 generator 3 is applied to the trigger input 4 of a
variable one shot pulse generator 5. Each trigger
. pulse from the trigger pulse generator 3, which
occurs at the zero cross-overs of the AC line source
2, initiates a rectangular pulse at the output 6 of
35 the wvariable one shot pulse generator 5. The



25 Fig. 4 and Fig. 5 are specific circuits, either of which can be
used for the functional block "Trigger Pulse Generator” of Fig. 1. Fig. 6
i.s a seri.es of oscillograms showi ng waveforns of voltage at significant

| ocations in the 30 circuits of Figs. 4 and 5. Fig. 7 is a specific
circuit which can be used for the functional block "pul se f ) Lrcuit”
of Fig. 1. Iﬁwﬂggypfﬁing the preferred enbodi nent of the 35q£ﬁhﬂgﬂ@%% I on
which is illustrated in the draw ngs, WO 96/ 38772

PCT/ US96/ 00782 specific term nology will be resorted to for the sake of
clarity. However, it is not intended that the invention be limted to the
specific terns so selected and it is toé&e understood that each 5

specific termincludes all technical equivalents which operate in a simlar
manner to acconpfwEtiensi @ atthgur pysput Fopulsanpirom t kdewoPdlégnnect ed or

ternms simlar thgsmdate sofiked VSLIhb1IB@UndteoRObs | tHE tnRdmii®uder ect

connecti on but influd%oc nn ctiﬁg 10 ., tgrou g.q%hgr %ircuit | ement s
where such conne®ti 3n“PE-FR oﬁﬁ' 1 Pttt gagg 173 &Rt bfqﬂﬁﬁg skilled in
the art. | n impiel t7 @f, theawgrizhle yines shetepulse generator 5.

5 Consequently, the one shot output pulse terminates

following a time interval which is controlled by the
magnitude of the control voltage at the input 7.
The output pulse from the wvariable one shot pulse
generator 5 is applied to the input of a pulse
10 forming circuit 8. The pulse forming circuit 8 has
a high pass filter and diode for applying a triac
firing pulse of relatively brief duration to the
gate of a triac during each negatively directed
transition of the output pulse from the one shot
15 pulse generator 5.

Fig. 2 illustrates the trigger pulse generator
component 3 and pulse forming circuit 8, combined
with a variable one shot pulse generator circuit
formed by a 555 timer circuit, its attached

20 capacitor C1 and a suitable charging circuit for the
capacitor Ci.

The trigger pulse generator circuit 3 has an
output 12 connected to the trxrigger input 14 of the
555 timer circuit 16. The 555 timer circuit 16

25 includes three resistors 13, 15 and 17 connected in
series between ground GND and a positive power
supply terminal VCC. The output 12 of the trigger
pulse generator 3 is made to fall below the voltage
at the "low" node 18 each time the AC line voltage

30 crosses zero. At those times, the first comparator
20, connected to set input S, sets the flip flop 22
output low (i.e. at or near ground), which causes
the inverter 24 to drive the 555 timer output
terminal 26 high, that is, to a voltage at or near

35 V+, which is the positive DC supply voltage VCC, and



Il lustrated which are of a type which performwell known operations on

el ectronic signals. Those 15 skilled in the art will recognize that
there are many, -and in the future may be additional, alternative circuits
whi ch are recogni zed as equi val ent because they provide the sanme operations
on the signalﬁ, tailed Description Fig. 1 is a sinple blhegisstiogmsam

Il lustrating its princi pal conponents of the invention. An AC power source
2, such as a service line froma 25 comerci al power conpany, is
applied to a trigger pulse generator circuit 3. The trigger pul se
generator circuit 3 generates a pulse at its output for each zero
cross-over of the AC line signal of the Bource 2. The out put of the
trigger pulse 30 generator 3 is applied to the trigger input 4 of a
vari abl e one shoBlpal usEser hher @-eCEéESWJ{Crl §YtEchulZEe EPOrPRMRE- tri gger

pul se generator Bapibitdr aucuwhieh hhe BeEw sHRS-civenitad byetC |ine

e 2 one sk ERCROREL O ) Sl ARG glaiy o (he
PCT/ US96/ 00782 current I flowing into it. If current I is the
5 current through a resistor 30 connected between V+
and capacitor Cl1, then capacitor Cl charges
exponentially. Alternatively, if current I is the
output of an electronic constant current source,
then C1 charges linearly. When capacitor Cl charges
10 to a voltage which just exceeds the voltage at the
high node 32, which voltage is the same as the
control voltage applied to the control input 34 to
the 555 timer circuit, then the second comparator
36, connected to reset input R resets the flip-flop
15 22 output high, which causes the electronic switch
28 to close and discharge capacitor €1 and also
causes output 26 to go low. Nothing more happens
until the trigger input 14 voltage again falls below
the voltage at the "low" node 18, at which time the
20 cycle just described repeats itself.

' The pulse forming circuit 8 of Figs. 1 and 2
generates a firing pulse of current out of the triac
gate when the 555 timer output 26 goes from high to
low. The time between a zero crossing of the AC

25 line and the next firing pulse is the time required
for capacitor Cl to charge to a voltage ecqual to the
control #oltage, and thus can be varied by changing
the control voltage, thereby fulfilling the control
function of the invention.

. 30 Waveforms in Fig. 3 are referenced to voltages
and currents at locations specified in Fig. 2. At
. the 2zero crossings of the AC line voltage, the

trigger pulse generator 3 causes the voltage at
trigger input 14 to fall from V+ to near ground,
35 i.e., to a voltage below that at the "low" node 18.



6 duration of the output pulse fromthe pul se generator 5 is a variable
function of the magnitude of a control voltage signal applied to a control
input 7 of the variable one shot pul se generator 5. 5 Consequently, the
one shot output pulse termnates following a tine interval which is

controll ed by ni tude of the control voltage at the i nppuéocndfs
out put pul se fv;}(;(;ﬁ‘ilt e variabl e one shot pul se generator 5 is appgl eg ?o t he

i nput of a pulse 10 formng circuit 8. The pulse formng circuit 8 has
a high pass filter and diode for applying a triac firing pulse of
relatively brief duration to the gate of a triac during each negatively
directed transition of the output pulse 8romthe one shot 15 pul se

enerator 5. Fig, 2 illustrates the trigger pul se gener ator conponent 3 and
gul'se form ng ci FEGPEeE, 14 ot rRER Wust g‘%‘éﬂ-PaBP%"%nel%‘ﬁotn?ﬁﬁ g¢ gener at or
circuit fornmed byoats8§& formemtcilensitt 50 t sSambdeairels 2fbr _re.’C:BaIkﬁlQa: tor C1 and
a suitabl e chargj | i i Clog The ¢t pyl se
generator circui Fggrﬁgg&gréfogﬁéu%iﬁiecon g%tgqe:g toothgtft %%gggérrﬁ%put 14 of
the 555 tiner ci VeLFfgeels S'Fh£151581‘?‘?’rﬁ'3¥°‘&'! reede 1% ysltage jwhernudes t hree
resistors B3, 15thed fVipdlegct ed iis seleses brigeemyor enad &Mymnd a

positive power oomparator 36, the flip-flop 22 will immediately be
set low by the first comparator 20 and a false
charging cycle would be initiated, resulting in
spurious, mistimed firing pulses. Since the maximum
10 possible time between a line voltage zero crossing
and a flip-flop reset is one-half of the 1line
voltage period, trigger input 14 cannot, under any
circumstances, remain below "low" for more than one-
half of the line voltage period. In practice,
15 trigger input 14 will remain below "low" for only a
few microseconds, . which imposes a definite
restriction on the minimum time that firing pulses
can be delayed from lifxe zero-crossings. However,
for typical line periods of 16000 microseconds, this

20 restriction is practically insignificant.

The triac gate current shown in Fig. 3 is
negative, i.e., out of the triac gate. Most triacs
will fire with either positive or negative gate
current, but negative gate current can be generated

25 at a downward transition with fewer components than
can positive current.

Fig. 4 1is an embodiment of trigger pulse
generator circuit 3 that has a low component count
and, with the exception of capacitors, can be

30 incorporated into an application specific integrated
circuit to form part of an integrated control system
of which a 555 timer circuit is another subcircuit.
Resistor Rl and zener diode Z1 form a wvoltage
limiting circuit to rectify and clip the AC line

35 voltage to form a positive rectangular wave at node



supply term nal VCC. The output 12 of the trigger pulse generator 3 is nade
to fall below the voltage at the "l ow' node 18 each tinme the AC Iline

vol t age 30 crosses zero. At those tines, the first conparator 20,
connected to set input S, sets the flip flop 22 output low (i.e. at or near
ground), which causes the inverter 24 to drive the 555 ti ner, &lg}o 782
termnal 26 hwaﬁmﬁ"%t Is, to a voltage at or near V[e Ich is

t he positive DC supply vol tage VCC, and WO 96/ 38772

PCT/ US/ 96100782 7 al so causes the electronic switch 28 to open. Capacitor
Cl, which had been short circuited by the electronic switch 28, then
charges as a result of current | flownginto it. If current | is the 5
current through a resistor 30 connected between V[err] and capacitor Ci,
then capacitor (A thatgtsanspohoms | bétweernh geound imglys arfe olikgdent | is the

output of an el egigond rfa%f@tz%%rcuaieggesqmm ﬂshﬁ.ad&‘ln&hﬁmq linearly.
When capacitor Cl cC to.a vol tar%i%é ust exce ds t he
vol tage at the hP@H VS'Z W&ﬁaaoﬁ%@é’ LAMESa2t ¥ dhir ol

vol tage appl i ed apet eoadOn200| miopodedzhdeso fidre H502¢ i vkt cigthz., then the.
second congaratofjne and 12 volt zener voltage.
A pulse forming circuit including a high pass
filter and diode is formed by capacitor C2, resistor
R2, and diode D2 which pull the voltage at trigger
input 14 down to near ground at the negative
10 transitions of A. The voltage at trigger input 14
is normally held at V+ by pull up resistor R3. A
similar pulse forming circuit is formed by capacitor
C3, diode D1 and tramnsistor Tl which together form
an inverting second high pass filter and diode. At
15 the positive going transitions of node A, capacitor
C3 charges through the base of transistor Tl and
turns it on, thereby pulling trigger input 14 down
to near ground. Diode D1 discharges capacitor C3
after each positive transition of A. Thus, the
20 trigger input 14 voltage falls below the voltage at
"low" node 18 at each zero croséing of the AC line,
as required.
Fig. 5 shows another embodiment of a pulse
generator circuit 3 which uses a 555 timer circuit
25 50 as part of a circuit that generates a trigger
pulse at the positive transitions of A. The 555
timer circuit 50 is connected to operate as an
inverter inverting the rectangular waveform at node
A to the rectangular waveform at A. This 555 timer
. 30 circuit 50 can be one-half of a common integrated
circuit consisting of two identical 555 timer
- circuits in a single package, and which has a part
number differing between manufacturers but generally
includes the number 556, e.g., LM556, NE566. Thus,
35 the 555 timexr circuit 16 of Fig. 2 and the 555 timexr



36, connected to reset input Rresets the flip-flop 15 22 out put hi gh,
whi ch causes the electronic swtch 28 to cl ose and di scharge capacitor Cl
and al so causes output 26 to go |ow. Nothing nore happens until the trigger
i nput 14 voltage again falls below the voltage at the "l ow' node 18, at
which time the 2 cycle just described repeats itself. T

formng ci rcuf 9%3(&72 Figs. 1 and 2 generates a firing pulse o cur’?@%’t out
of the triac gate when the 555 timer output 26 goes fromhigh to low. The
time between a zero crossing of the AC 25 | ine and the next firing
pulse is the time required for capacitor ClL to charge to a voltage equal to
the control voltage, and thus can be vatoed by changing the control

vol tage, thereby fulfilling the control function of the invention. 30

Wavef orns i n Fi geiudte S0efodr FAaged5t oanobe ajestmdsang risegratetocat i ons
specified in Fi gg5@.ciculife zero crossings of the AC Iine voltage, the

{11 90er pul oe gener el SRS N YRS et o, o Tl
node 18. WO oBi®BY 722, capacitor C5, resistor RS5, diode D5, and
PCTI US96/ 09782 8capacitor Cé perform the same functions as in the
circuit of Fig. 4, that is, they provide a voltage
limiter circuit followed by a pulse forming circuit
having a high pass filter and diode in order to
generate a trigger pulse at the negative transitions
10 of A. To generate a trigger pulse at the positive
transitions of A, the inverse of A labelled A in
Fig. 5, is first generated by the 555 circuit 50.
This is done by applying the voltage at node A to
the threshold input 52 of the 555 circuit 50 and
15 triggering the 555 c¢ircuit 50 at the negative
transitions of A by means of resistor R8 and diode
D4. A trigger pulse on the negative transitions of
the 555 output 54 1is formed by capacitor C6,
resistor R7, and diode D3 which provide a pulse
20 forming circuit having a high pass filter and diode.
The circuit of Fig. '5 can be incorporated with
relative ease into an application specific
integrated circuit. All the components except
capacitors C5 and Cé6 can be integrated. Waveforms
25 at nodes A and A, and trigger output node T are
shown in Fig. 6.

Fig. 7 shows a circuit that will perform the
function of the pulse forming circuit 8 of Fig. 1 by
generating a pulse of current out of a triac gate at

30 the downward, negative going transitions of the
output 26 of 555 timer circuit 16. Diode D6 blocks
pulses at positive transitions of output 26,
resistor R10 limits triac gate current, and resistor
R9 and capacitor C7 control pulse duration.

35 While certain preferred embodiments of the



Trigger 14 voltage nust remain below "l ow' node 18 voltage for at |east 50
nanoseconds for reliable operation of the first conparator 20. If trigger
14 voltage is still below "l ow' node 18 voltage when 5 the flip-flop
22 is reset high by the second conparator 36, the flip-flop 22 will

i mredi at e.I y b@(ﬁg *IPW by the first conparator 20 and a fal fsft:'ffﬁ@kﬂ%@ﬂ
cycle would be i'nitiated, resulting in spurious, mstinmed firrng pulses.

Si nce the maxi mum 10 possible tinme between a line voltage zero crossing
and a flip-flop reset is one-half of the 1line voltage period, trigger

i nput 14 cannot, under any circunstances, remain below "l ow' for nore than
one- half of the line voltage period. 1kn practice, 15 trigger input
14 will remain below "low' for only a few m croseconds ‘whi ¢ch i nposes
a definite restPTeH$Hn G OR RRFRIRTTIMEISACSERr tRESAes 1an be

del ayed from | i nks zeo doe rrsderEyoodHrare vartoust wpdifd cat itnepersyods of
16000 m croseco , | : e i Gld J t inshgni ficant.
The {riac gate cn%? raeén%%ﬁz)&ﬁtlhﬁuti géﬁéfé%r%:g&%ﬂo\%glg F?%#yo{’ﬁ]%&% the triac
gate. Most triackV@ntiqn @ wceReePE heke pkRlkoWingC13dBgti ve gate current,
but negatige gate current can be generated 25 at a downward transition
with fewer conponents than can positive current. Fig. 4 is an enbodi nent of

trigger pul se
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the zener voltage, which is nade nomnally equal to V[err]. Typical rise

and fall tines
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di'ode D2 which
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an inverting se
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cond high pass filter and di ode. At

CLAIMS
1. A triac control circuit for gemeration of triac
firing pulses spaced in time by one-half the period
of an AC line signal, the time interval between zero
crossing of the AC line signal and the next firing
pulse being controllable by a control signal
magnitude, the circuit comprising:
(a} a trigger pulse generator circuit having
an input connected to the AC 1line and
generating a pulse at a generator output at
each zero crossover of the AC line signal;
(b) a variable, one shot, pulse generator
circuit having a trigger input connected to the
output of the trigger pulse generator circuit
and generating a pulse at a one shot output
which is initiated by a pulse from the trigger
pulse generator circuit and terminates
following a time interval which is controlled
by the magnitude of a control signal applied to
a control input; and
(c) a pulse forming circuit including a high
pass filter and diode and connected to the one
shot pulse generator circuit output for forming
a triac firing pulse at the termination of the
one shot pulse generator circuit output pulse.

2. A triac control circuit in accordance with claim
1 wherein the trigger pulse generator circuit more
particularly comprises:

>



15 the positive going transitions of node A, capacitor C3 charges
t hrough the base of transistor Tl and turns it on, thereby pulling trigger
i.nput . 14 down to near ground. Diode D discharges capacitor C3 after each

positive transition of A trigger input 14 voltage falls
bel ow t he vplvg@gﬁaﬁh "l ow' IMRHT'M'N "imm!kero crossing of dcigysbbpdrgne. as
required. Fig. shows anot her cenmbods meq a pul se generator circuit 3
whi ch uses a 555 timer circuit 25 50 as part of a circuit that
generates a trigger pulse at the positive transitions of A The 555 tiner
circuit 50 is connected to operate as an inverter inverting the rectangul ar
wavef orm at node A to the rectangul ar weeformat A This 555 tinmer 30

circuit 50 can be one-half of a conmon integrated circuit consisting of two
i dentical 555 tiner JdAYcf(VOLtAIE LiMHFeF SAeNdE, PavtRGwiteh 1RRYta part
nunber differing bet weaneovedf aet utkes s Agut 1 geaerfald yeomedtdiary t Be nunber

556, €. g, LNGS6, NERGRecIhUPat D oinmd i B CLIGHT 46 8 FI O 2

and the 555 tiner ) .
PCT/ US96/ 00782 10 ci Fégrangulay wmypforme sigpali att hes sewPutnt egr at ed

5 (b} a pulse forming circuit including a high
pass filter and diode and having an input
connected to the limiter circuit output and an
output connected to the trigger input of the
one shot pulse generator circuit to form

10 trigger pulses at negative going transitions of
the rectangular waveform signal ; and
(c) an invefting pulse forming circuit
including a high pass filter and diode and
having an output connected to the trigger input
15 of the one shot pulse generator circuit and an
input connected to the output of the limiter
circuit for inverting and forming trigger
pulses at positive going transitions of the
rectangular waveform signal.
20
3. A triac control circuit in accordance with claim
1, wherein the variable, one shot pulse generator
circuit comprises:
(a) 'a 555 integrated timer circuit having a
25 discharge terminal and a threshold terminal and
a ground terminal connected to ground;
(b) a capacitor, having a first terminal
connected to ground and a second terminal
connected to both the discharge terminal and

30 the threshold terminal;
(¢) a source of charging current connected to
. the second terminal of the capacitor for

charging the capacitor.

35



556 circuit. Inthe circuit of Fig. 5, resistor R4, zener diode Z2,
capacitor C5, resistor R5, diode D5, and 5 capacitor C6 performthe
sanme functions as in the circuit of Fig. 4, that is, they provide a voltage
limter circuit followed by a pulse formng circuit having a high pass

filter and di rder to generate a trigger pulse at th (ﬂ%@
transitions 1@886’&8'; To generate a tri gger puI se at thgp posi Al'oége‘2

transitions of A the |nverse of Alabelled [err] in Fi is first
generated by the 555 circuit 50. This is done by aprﬂﬂ" u'"!ﬂ”\ﬂm HHF at
node A to the threshold input 52 of the 555 circuit

trlggerl ng the 555 <circuit 50 at theisegative transitiofis Of A by means

of resistor R8 and diode D4. A trigger pulse on the negative transitions of
the 555 output B4 i3 ¥vigeddprredpacrewit 66 aresrdange Withagdaéinode D3

whi ch provide a Ppulraedd the i;es.ggag Bhle gerwdted ikcghtpassefilter and
di ode. The circuit e incorporated with relative ease

into an appli @ﬁﬁt&ﬁuﬁgg& FPEPT Y 'rat ed circuit. Al the conponents
except capacitors C5 {aid EGrQié;tagl@elmi.Eqratiextui‘@aheﬁﬁngrﬂ-t%mputat nodes A

and A, andstrigger oyopnkcpede tb akReSHWN1iRe Fifdr 6cof+aftlagsh9ws a

I(;: grgf:wlt b';/hat Wil | perf s@a}qgga imcts:llggsg{dglhe é)u{me S{Sr;“né‘xq clreuit 8 of

rectangular waveform signal at its ocutput;
(b} a first pulse forming circuit including a
high pass filter and diode and having an input
10 connected to the limiter circuit output and an
output connected to the trigger input of the
one shot pulse generator circuit for forming
trigger pulses of one polarity from negative
going transitions of the rectangular waveform
15 signal; and
(c} a second pulse forming circuit including a
high pass filter, diode and inverter circuit
having an output connected to the trigger input
of the one shot pulse generator circuit and an
20 input connected to the output of the limiter
circuit for inverting and forming trigger
pulses of said one polarity at positive going
transitions of the rectangular waveform signal.

25 5. A triac control circuit in accordance with claim
" 4 wherein the 555 integrated timer circuit is one of
two duplicate 555 integrated timer circuits formed
as part of the same integrated circuit, and wherein
the second 555 integrated timer circuit forms the
30 inverter circuit of the second pulse forming circuit
and has a threshold input connected to the output of
said wvoltage limiter circuit, a trigger input
connected to the output of the first pulse forming
circuit, and an output terminal connected to the

35 input of the second pulse forming circuit.



generating a pulse of current out of a triac gate at 30 t he downwar d,
negative going transitions of the output 26 of 555 tinmer circuit 16. D ode
D6 bl ocks pul ses at positive transitions of output 26, resistor RIO limts
triac gate current, and resistor R9 and capacitor C7 control pul se
duration. 35wqeesgry Wile certain preferred enbodi ments elcrfudesmors2V\O
9638772 PCT/ US96/ 00782 11 present

i nvention have been disclosed in detail, it is to be understood that

vari ous [ e adopted wi thout departing fromthe spirit of
the i nvegﬁﬁ“ulﬁWIflmalmnIFhe following clains. 5 WD 96/ 38772
PCT/ US96/ 00782 CLAI NS . "A triac contrascircuit for generation of triac

firing pul ses spaced in tine by one-half the period of an AC |ine signal,
the time intervél bdthitias Zensrel csbiditofint pecarsiangr witgnaladmd t he next

firing 5 pubiseshdi@d ity tEONWaLLBDEE oY sibt CHALES| gehgABbr
circuit comprises:
{(a) a source of DC voltage having a negative
5 terminal connected to a ground and having a
' positive terminal;
(b} three zresistors in series connection
between the DC voltage source terminals, the
resistors having a high interconnection node
10 and a low interconnection ncde, the high node
having a more positive voltage than the low
node and forming said control input;
(c) a flip-flop having set and reset inputs;
(d) a first comparator with one input
15 connected to the low node, a second input
forming said trigger input, and an output
connected to the set input of the flip flop for
driving the £lip flop output low when the
voltage at the trigger input falls below the
20 voltage at the low node;
(e) a second comparator with one input
connected to the high node, a second input
forming a threshold node, and an output
connected to the reset input of the flip flop
25 for driving the flip flop output high when the
voltage at the threshold input rises above the
voltage at the control input; |
(£) an electronic switch connected between
ground and a discharge node and having a switch

. 30 control terminal connected to the output of the
flip flop, the switch being closed when the
. flip flop output is high and opened when the

flip flop output is low;
(g) an inverter circuit having an input
35 connected to the flip flop ocutput and an cutput



magni tude, the circuit conprising: (a) a trigger pulse generator circuit
havi ng an i nput connected to the AC |line and generating a pul se at a
generator output at 10 each zero crossover of the AC |ine signal
(b) a variable, one shot, pulse generator circuit having a trigger input

connected to put of the trigger pulse generator cirCyifmdtiors
generati ng av%ﬂﬁﬁéyét a one shot output 15 whi ch igbpﬁltlé%éd by a

pul se fromthe trigger pulse gener at or circuit and term nat es

following a tinme interval which is controlled by the ' tro
signal applied to a control input; and 20 (cmmm mﬂ Mmﬂm
circuit including a high pass filter ané di ode and connected tt ot he

shot pul se generator circuit output for formng a triac firing, pulse at the
term nation of the ofe¥%hed PiEsengefBPht BRIER FERETIRPUEIFHEe. 25 2. A
triac control circui butpuagccordance with claim1l wherein the trigger pul se

generator circuit morg,parti Gul aldy GOMPELSEY a firdt bertinal ©
connected to ground and a second terminal
5 connected to both the discharge node and the
threshold node; and
(i) a source of charging current connected to
the second terminal of the capacitor for
charging the capacitor. -
10
7. A triac control circuit in accordance with claim
6, wherein the trigger pulse generator circuit more
particularly comprises: '
means for generating a voltage between ground and
15 the trigger input, said voltage being more positive
than the voltage at the low nocde except for
intervals that begin at the zero crossing of the AC
line signal and have a duration between 50
nancseconds and one-half the period of the AC line
20 signal.

B. A circuit. according to Claim 6, wherxein the
pulse forming circuit connected to the output of the
one shot pulse generator circuits more particularly
25 comprises:
(a) a series resistor and capacitor having a
common interconnection node, the capacitor
connected between the one shot pulse generator
circuit output and a terminal of the resistor,
30 a second terminal of the resistor being
connected to ground;
(b} a diode haﬁing a cathode connected to the
interconnection - node between the series
resistor and capacitor and having an anode; and
35 ' (c) a second resistor connected to said anode



13 (a) a voltage limter circuit having its input connected to the AC |ine
for converting a substantially sinusoidal AC line signal to a rectangul ar
wavef-orm si.gnal at its output; 5 (b) a pulse formng circuit
including a high pass filter and di ode and having an input connected to the

one shot pul YRR o?‘”ﬁlﬂﬂUﬂH I S = ' '™ 11 Gerichpdstor] the

negati ve goi ng transitions of° tHe fectanyul ar waveformsignal ; and (c) an
inverting pulse forming circuit including a high pass filter and di ode
and havi ng an out put connected to the trigger input 15 of the one

shot pul se generator circuit and an i npu¥? connected to the output of the
limter circuit for inverting and formng trig er pul ses at positive going
transitions of the refaigyiag daveeendntAxiarl for3conpegtimn &entro
circuit in accordancend ttrigkaggtd, wherein the variable, one shot pulse
generator circuit conprises: (a) a 555 integrated tiner circuit having a 25

di scharge termnal and a threshold term nal and a ground term nal connected
to dround; 9. A circuit according to Claim 6 wherein said

5 three series resistors, flip flop, first and second
comparators, electronic switch, and inverter are all
part of a single integrated circuit.

10. A circuit according to Claim 6 wherein said

10 trlgger pulse generator circuit comprises:

(a) a wvoltage limiting circuit comprising a
resistor and a zener diode connected in series
across the AC 1line to have a first
interconnection node connected to the cathode

15 of the zener diode, the anode of the zener
diode being connected to ground and to one side
cf the AC line, the zener voltage of the zener
diode being nominally equal to the voltage of
said DC source;

20 (b) a pulse forming circuit including a high
pass filter and diode and more particularly
comprising a capacitor and a resistor connected
in series between said first node and the
positive terminal of said DC source, one

25 terminal of the resistor being connected to
said source and the other terminal of the
resistor being connected to a second
interconnection node between the resistor and
capacitor, the circuit further including a

30 diode having an anode connected to the trigger
input of the one shot pulse generator and a

- cathode connected to said second node; _
- (c) an inverting pulse forming circuit
including a high pass filter and diode and more

35 particularly comprising a capacitor and a diode



(b) a capacitor, having a first termnal connected to_ground and a

second term nal connected to both the discharge term nalf apd 30-- 1
the threshold termnal; (c) source of charging current connecte g Fﬂg
second term nal of the capa t he capacit-ex

06/ 38772 P (”"m, ""H"Iﬂ"ﬂlﬁ'lng PCT/ 5896/ 00;@?,“& @7

triac controV ¥t in accordance with clfaim 3 wherein the tri gger pul se
generator circuit npre particularly conprises: (a) a voltage linmter _
circuit having its input 5 connected to the AC Iine for converting

a substantially sinusoidal AC line signal to a rectangul ar waveform si gnal
at its output; (b) a first pulse formng circuit including a high pass
filter and di ode and having an input 10 connected to the limter
citcuit output and agPmRAgi®d éBrereiesr] besvepe 3aigFdrstnpede ¢md he one shot

pul se generator circgidurddr ther BEhbget 6f g divkdeebeOhg Ofenidtid ty from
negative going transi{ions, gl the,d e¢e3nad! A Mo Ming  aiode
having a common interconnection node connected
5 to the base of an NPN transistor, the emitter
of said tramsistor being connected to ground
and the collector of said transistor being
connected to said trigger input; and
(d) a resistor connected from said trigger
10 input and the positive terminal of said DC
source.

11. A circuit according to claim 10 wherein said
diodes and said transistor are part of a single
15 integrated circuit.

12. A method for controlling the firing angle of
a triac from an AC 1line signal, the wmethod
comprising:

20 (a) initiating a timing pulse at each zero
crossover of the AC line signal;

(b) terminating the timing pulse after a time

interval which is proportional to the magnitude

_ of a control input signal magnitude; and

25 ' (c) generating a triac triggering pulse at the

termination of the timing pulse.

This Sheet Has Been Replaced
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15 signal; and (c) a second pulse formng circuit including a high
pass filter, diode and inverter circuit having an output connected to the
trigger input of the one shot pul se generator circuit and an 20

i nput connected to the output of the limter circuit for inverting and
formng tri s of said one polarity at positive going transitions
of thegrectgggﬁ?ggiﬁgbeforn1signal.p25 y5. APtriac cogtroIC?FW@WW?uin
accordance with claim4 wherein the 555 integrated timer circuit is one of
two duplicate 555 integrated timer circuits formed as part of the sane
integrated circuit, and wherein the segﬁgpg§55 integrated tinmer circuit
forms the 30 inverter circuit of t sttond pulse formng circuit and
has a threshold i nput connected to the output of said voltage limter
circuit, a trigger input connected to the output of the first pulse formng
circdit, and an output terminal @onnected to tq§ 35 i nput of the second
pul se formng circuit. WO 96/ B8772

PCT/ US96/ 00782 6. A t rGQNTREI: circurt Th gecordance with claim1
wherein the variabl e MMOLTAGE ge @Eﬁﬁ{@f_fr circuit conpri se/s_.8
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(a) a source of DC voltage having a negative 5
to a ground and having a positive termnal;

connection between the DC voltage source term nals,

hi gh i nterconnecti on node 10
hi gh node ha%hggﬁérﬁnre positive voltage than the | ow node g@gnfsoigsygdg said
C

control input;

a flip-flop having set and reset

t er m nal

I nputs;

(d)

connect ed
(b) three resistors in series

the resistors having a
and a | ow i nterconnecti on node,

t he

a first

conparator wth one input 15 connected to the | ow node, a
second input formng said trigger input, and an output connected to the set
input of the flip flop for driving thegl fl op out put | ow when fthe
voltage at the trigger input falls bel the 20 voltagegﬁ the | ow
node; (e) ; brikwi th one I nput connected to th§ hi gh
node, a secondfinput form ngl agfhreshold node, and an out put cod&eched to
t he reset inputgof thef flip f] op 25 for driving the fligf! 8
out put hi gh whe®® théﬂv I ta t the threshold input rises above tite ¥l tage
at tbe control inpu el ectronic switch connected bet weep gﬁbund
and a di scharge nod a switch 30 control termfn Eg
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flip flop, the switch being closed when the flip flop output is high and
opened when the flip flop output is low, (g) an inverter circuit having an
i nput 35 connected to the flip flop output and an out put WO
96/ 38772 PCT/ US96/ 00782 16 form ng
t he one shot enerator circuit output; (h) a capaC| ng a
first term na‘wgéﬁ cted to ground and a second term nal wiTssdlite2
connected to both the discharge node and the threshold node, and (i) a
source of charging current connected to the second term nal of the
capacitor for charging the capacitor. 30 A triac control circuit in
accordance with claim®6, wherein the t é r pul se generator circuit nore
particularly conprises: nmeans for generating a voltage between ground and
15 the trigger input, said voltage being nore positive tham._J

voltrage at the Ilow node except for aggr val s that begin zero
crossing of the AGy

[
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and have a durati on between 50 nanoseconds and one-half the

i ne signal
8. A circuit. according to daimé6

period of the AC line 20 si gnal .
wherein the pulse formng circuit connected to the output of the one shot
(a) a series

pul se generator circuits nore particularly 25 conpri ses:
resistor and sggBgsdsy£r having a common interconnection node,P&%a&@oggzci tor
a

connected between the one shot pul se generator circuit output an
term nal of the resistor, 30 a second termnal of the resistor

bei ng connected to ground; (b) a diode having a cathode connected to the

i nterconnection node between the sqgk¢§%resistor and capacitor and

havi ng an anode; and 35 (c) a cohd resistor connected to said
PCT/ US96/ 00782 17 and having a second

anode WD 96138772
term nal for connection to the triac gate. 9. rcuit according to
resi lip flop, first and

Claim6 wherein said 5 t hree seri
are all

second conparators, electronic sw
R1 A c2 = T
N e, TO
TRIGGER
D2
AC |
e xz1 3Rz 3RS
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part of a single integrated circuit. 10. A circuit according to Claimé6
wherein said 10 trigger pulse generator circuit conprises: (a) a
voltage |limting circuit conprising a resistor and a zener di ode connected
in series across the AC line to have a first interconnection node
connect ed to.&%%hode 15 of the zener diode, thecposstpomk the
zener di ode being connected to ground and to one side of the ACline, the
zener voltage of the zener diode being nomnally equal to the voltage of
said DC source; 20 (b) a pulse formng circuit including a high
pass filter and di ode and nore parti cuﬁ?/a/ conprising a capacitor and a
resistor connected in series between safd tirst node and the positive
term nal of said DC source, one 25 term nal of the resistor being
connected to said source and the other termnal of the resistor bei ng
connect ed to a second interconnection node between the resistor and
capacitor, the cgcuit further including a 30 di ode havi ng an
anode connected ®» the trigger inpd of the oneghot pulse gena~ator and a
cat hode connected to said second ng¢de; (c) an| inverting pulse formng
circuit includi n% a high pass fil t%r and di ode a#\d nor e ‘

!
|
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--35 particularly (LOITDI’I sing a capacitor PQI/L dl C%Lb/ 007 82‘

PCT/LEV\96/00782 18 connected insseries between said first node and ground,

the anode of the di ode being connected to ground
di ode“havi ng,a ‘conmon .i nt erconnecti on node

the Sel’l es Capélﬁéﬂm

transi stor, the emitter of .said transistor Weil Cbnnected to ground and
of said transistor being connected,to said trigger input; and

t he coIIector

(d) a resistor connected fromsaid trigger

i nput iand the positive term nal

of said DC source. 11. A circuit accor png to'CIainllo'mherein sai d di odes
and said tran5|stor are part of a single inteqrated CIrCUIt
Peyadi 8

for controllin§FPMEFiSd ndParRFE oF
the nmethod cogmowid)g:tiia) anodel tofattlng dlbdm e ing seommeeted rero

~crossover of.t
time interva

net hod

Ff&nfﬁﬁ AGqungn I gnal ,

Seled s "Er8L Rr sy R A R0 Hhodgog Sl ier @

common interconnection node connected to the base of
an NPN transistor, the emltter of said tran31stor
belng connected to ground and the collector of said
transistor belng connected to sald trlgger input;
and

(d) a resistor connected ‘from said trigger

1nput and the positive termlnal of said DC

source.

11. . A circuit ‘according to claim 10 wherein said
diodes and said tran91stor are ‘part of a single
integrated circuit.

12. A method for controlling the firing angle of
a triac from an AC line 51gnal the method
comprising: - )

(a) 1n1t1at1ng a t1m1ng pulse at each zero
crossover of the AC line 81gnal
(b} terminating the tlmlng .pulse after a tlme
interval which is proportlonal to the magnitude
of a variable control inpUéﬁsignal and
(c) generatlng a separate triac trlggerlng
" pulse at the termination of the timing pulse,
sald trlggerlng pulse term;nat;ng the triac
gate current before the next

zero crossover of
the AC line 51gnal '
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3G 4TQ5433-3
of a varirabBle control input signal; and (c) generating a separatg AJd ac
triggering pulse at the termnation of the timng pul se, said triggerLig
pul se terminating the triac gate current before the next zero crossover of
the AC line signal. REPLACEMENT SHEET
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& (57) Abstract

A common and inexpensive integrated 555 timing circuit is used to vary the timing of triac firing pulses in response to a control
voltage. A trigger pulse generator (3) generates a pulse at each zero crossover of an AC line (2). This pulse initiates a variable, one shot
pulse generator (5) which generates a rectangular pulse. The rectangular pulse texminates following a time interval which is controlled by
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