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(57) ABSTRACT 

A strobe alarm system Which includes multiple normally 
self-timed strobe circuits connected in a common loop to a 
?re alarm control panel, and a sync control circuit, Which 
may be incorporated in the ?re alarm control panel, for 
causing the strobes to ?ash in synchronism at a predeter 
mined rate Which Will insure that a person viewing the 
multiple strobes Would not see ?ash rates higher than the 
predetermined synchronized rate, Which is preferably less 
than ?ve ?ashes per second. The sync control circuit does 
not interfere With the supervision functions of the alarm 
system, and When an alarm condition is present it supplies 
poWer to the strobe circuits Which it then interrupts once 
every ?ash cycle to cause a sync trigger circuit in each strobe 
to ?re its ?ashtube, and to reset the internal timer of each 
strobe to ready it for arrival of the neXt sync signal. Each 
strobe circuit in the loop includes a resettable timer for 
recycling its oWn ?ash unit in a non-synchronous fail-safe 

3,488,558 A 1/1970 Grafton 315/210 mode in case the sync signal should fail to appear Within a 
3,881,130 A 4/1975 Stiller ..... .. 315/230 ?nite period folloWing the last previous ?ash. That is, 
3,969,720 A 7/1976 Nishino - 340/309-4 normally the strobes are all ?red at the same time in response 
39737168 A 8/1976 Kearsley 315/232 to sync signals applied to their sync trigger circuits, but in 

2 £1831 ' ' ' ' ' ' ' ' ' ' ' ' ' 322 the event the sync signal is lacking the strobes Will continue 
, , e1 er ................. .. - - - - 

4,449,073 A 5/1984 Mongoven et a1‘ ~~~~~~~ N 340631 to ?ash, each at a rate determined by its mternal timer. 

4,471,232 A 9/1984 Peddie et a1. . . . . . . . . . . . .. 307/35 

4,472,714 A 9/1984 Johnson .................... .. 340/931 47 Claims, 12 Drawing Sheets 
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SYNCHRONIZATION CIRCUIT FOR 
VISUAL/AUDIO ALARMS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

This invention relates to circuits for electronic strobe 
lights such as are used to provide visual warning in elec 
tronic ?re alarm devices and other emergency warning 
devices and, more particularly, to a control circuit for 
causing plural strobes connected to the same ?re alarm 
control panel to ?ash on synchronisrn with one another. 

Strobe lights are used to provide visual warning of 
potential hazards or to draw attention to an event or activity. 
An important ?eld of use for strobe lights is in electronic ?re 
alarm systems, frequently in association with audible warn 
ing devices, such as horns, to provide an additional means 
for alerting persons who may be in danger. Strobe alarm 
circuits include a ?ashtube and a trigger circuit for initiating 
?ring of the ?ashtube, with the energy for the ?ash typically 
supplied from a capacitor connected in shunt with the 
?ashtube. In some known systems, the ?ash occurs when the 
voltage across the ?ash unit (i.e., the ?ashtube and associ 
ated trigger circuit) exceeds the threshold value required to 
actuate the trigger circuit, and in others the ?ash is triggered 
by a timing circuit. After the ?ashtube is triggered it 
becomes conductive and rapidly discharges the stored 
energy from the shut capacitor until the voltage across the 
?ashtube has decreased to a value at which the ?ashtube is 
extinguished and becomes non-conductive. 

In a typical installation, a loop of several ?ash units is 
connected to a ?re alarm control panel which includes a 
power supply for supplying power to all ?ash units in the 
loop when an alarm condition is present. The supply voltage 
may typically be 12 volts or 20—31 volts, and may be either 
D.C. supplied by a battery or a full-wave recti?ed voltage. 
Underwriters Laboratories speci?cations require that opera 
tion of the device must continue when the supply voltage 
drops to as much as 80% of nominal value and also when it 
rises to 110% of nominal value. The power supply typically 
is provided from ?rst and second terminals which will 
normally have negative and positive polarity, respectively, 
when no alarm condition is present, and which reverse when 
an alarm condition is present, as is usual in supervised 
systems. When an alarm condition is present, power is 
supplied to all of the strobe units connected in the loop, with 
each unit ?ring independently of the others at a rate deter 
mined by its respective charging and triggering circuits and 
satisfying UL speci?cations that the ?ash rate of such visual 
signalling devices must fall between 20 and 120 ?ashes per 
minute. 

To counteract claims by epileptic groups that viewing 
multiple visual signalling devices each ?ashing at different 
points in time may trigger a seizure in susceptible individu 
als. Underwriters Laboratories may additionally require that 
such signalling systems be controlled in a manner to insure 
that an individual viewing multiple units could see effective 
?ash rates no higher than 5 ?ashes per second. Thus, there 
is a need for controlling multiple self-timed visual signalling 
devices in a way which will insure that individuals viewing 
multiple units could see effective ?ash rates no higher than 
5 ?ashes per second. 

It is a primary object of the present invention to provide 
a circuit having these properties and which also will work 
with: 

(a) both DC. and full-wave power recti?ed supplies; 
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2 
(b) all ?re alarm control panels; 
(c) mixed strobes (i.e., 110 candela and 15 candela); and 
((1) audio as well as visual signalling devices. 
Another object of the invention is to provide a circuit 

having these properties which can be manufactured at rela 
tively low cost. 

Another object is to provide a control circuit which will 
not interfere with the supervision function of the alarm 
system, and which will be compatible with both constant 
power and constant current strobe circuits. 

Still another object is to provide a control circuit for 
synchronizing ?ashing of multiple strobes which, in the 
event of its failure, will allow each of the individual strobes 
to ?ash at its own self-timed rate. 

Another object of the invention is to provide such control 
circuit for synchronizing ?ashing of multiple strobes and 
having capability to limit the energy per ?ash of the asso 
ciated strobe circuits to that required to meet mandated 
requirements. 

SUMMARY OF THE INVENTION 

In accordance with the invention, a control circuit is 
provided which causes multiple strobes connected in a 
common circuit or loop to ?ash at the same time, in 
synchronisrn, at a rate no higher than a predetermined rate, 
for example, 5 ?ashes per second. The control circuit, which 
may either be incorporated in the ?re alarm control panel 
which controls the loop, or interposed between the ?re alarm 
control panel and the loop of strobes, derives its power from 
the control panel in the same way as the strobes do: during 
supervision when the polarity of the power supply is 
reversed, it uses no power, but when an alarm condition is 
present it becomes powered and starts operating in a sync: 
node. When in the sync mode, once every ?ash cycle, 
typically at intervals of 2.9 seconds, the control circuit 
interrupts power to all of the strobes for a period of from 10 
to 30 milliseconds, this being the signal which causes all of 
the strobes in the loop to ?ash. At the same time, this signal 
resets the internal timer of each ?ash unit to ready it for 
arrival of the next sync signal. In the event no sync signal 
arrives after an interval exceeding 2.9 seconds, each strobe 
unit will ?ash when its ?ash timer completes its cycle. 

The synchronizing control circuit of the invention may be 
used in conjunction with a variety of strobe circuit designs, 
preferably having the following desirable properties: (a) an 
energy limiter operable over a predetermined voltage range 
in the sync mode; (b) a trigger circuit which is responsive to 
the sync signals; and (c) a resettable timer for recycling the 
strobe unit in a non-sync mode in case of lack of the sync 
signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features, and advantages of the invention 
will become apparent, and its construction and operation 
better understood, from reading the following detailed 
description with reference to the accompanying drawings, in 
which: 

FIG. 1 is a block diagram of a synchronized strobe system 
according to the invention; 

FIG. 2 is a circuit diagram, partially schematic and 
partially block, of a strobe circuit useful in describing the 
features of a strobe circuit essential to being ?red synchro 
nously with others; 

FIG. 3 is a circuit diagram of a strobe synchronizing 
controller according to the invention; 



US RE38,183 E 
3 

FIG. 4 is a ?oW chart of the functions of the strobe 
synchronizing controller of FIG. 3; 

FIG. 5 is a circuit diagram of a ?rst embodiment an 
optocoupler strobe useful in the system of FIG. 1; 

FIG. 6 is a diagram Which illustrates a modi?cation of the 
circuit of FIG. 5; 

FIG. 7 is a circuit diagram of a third embodiment of an 
optocoupler strobe circuit Wherein ?ashing of the strobe is 
controlled by a timer; 

FIG. 8 is a circuit diagram of a microprocessor-controlled 
strobe useful in the system of FIG. 1; 

FIGS. 9 and 10, When placed together as shoWn in FIG. 
11, is a circuit diagram of a 4-channel strobe synchroniZing 
controller according to the invention; 

FIG. 11 is a diagram shoWing the arrangement of FIGS. 
9 and 10; 

FIG. 12 is a ?oW chart of the functions of the strobe 
synchroniZing controller of FIGS. 9 and 10; 

FIG. 13 is a simpli?ed block diagram shoWing the inter 
connection of a plurality of a 4-channel controllers of the 
kind illustrated in FIGS. 9 and 10; and 

FIG. 14 is a simpli?ed ?oW chart of alternative functions 
of the strobe synchroniZing controller of FIGS. 9 and 10. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIG. 1, multiple strobe circuits 10, 12 and 14 
numbered from 1 to N, connected in a common loop and 
having the usual end of line resistor 16, are all caused to 
?ash at the same time, in synchronism, by a sync control 
circuit 18. The sync control module 18 may either be 
incorporated in a conventional ?re alarm control panel 20, as 
indicated by the doted line enclosure 22, or may be a 
free-standing unit interposed betWeen the control panel and 
the ?rst strobe circuit 10 of the loop. Sync control module 
18 is energiZed from a DC. poWer source embodied in 
control panel 20 in the same Way that loop-connected 
strobes are usually energiZed in a supervised alarm system. 
During supervision, When the polarity of the poWer supply 
is reversed from that indicated in FIG. 1, module 18 uses no 
poWer (nor does it supply poWer to the strobes), but When an 
alarm condition is present the polarity of the voltage is as 
shoWn, Which causes the control module to commence 
operation in a sync mode, Which includes supplying DC. 
power to the multiple strobes via a tWo-Wire loop. The sync 
control module causes all of the strobes in the loop to 
cyclically ?ash in synchronism by periodically interrupting 
the supply of poWer to the strobes. Typically, the poWer is 
interrupted for a period of from 10 to 30 milliseconds, at 
intervals of 2.9 seconds, so as to cause all strobes to ?ash 
once about every 3 seconds. This ?ash rate satis?es the UL 
requirement of a minimum of one ?ash every three seconds 
and a maximum of three per second. This synchroniZing 
signal, namely, the brief interruption in the supply voltage, 
in addition to triggering ?ring of the multiple strobes also 
resets the internal timer of each strobe unit to ready it for 
arrival of the next sync signal, and to enable it to self-?re in 
the event no synchroniZing signal arrives after an interval 
exceeding 2.9 seconds folloWing the last previous ?ash. 
As Will later be explained in detail, sync control circuit 18 

is designed to synchroniZe ?ashing of multiple loop 
connected strobes of various designs including, for example, 
modi?cations of the optocoupler strobe circuit described in 
US. Pat. No. 5,121,033 granted on Jun. 9, 1992 to applicant 
Kosich, and of the microprocessor-controlled strobe dis 
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4 
closed in applicants’ US. patent application Ser. No. 
08/061,965 ?led May 14, 1993, and assigned to the same 
assignee as the present application. In order for the present 
sync circuit to Work With a particular one of these strobe 
circuits, the strobe must be modi?ed to include as a mini 
mum the features and properties embodied in the basic 
strobe circuit depicted in FIG. 2, several of Which may be 
connected in the loop of the system shoWn in FIG. 1. The 
?ash unit 10 includes a ?ashtube DS1 shunted by a trigger 
circuit Which includes a resistor R1 connected in series With 
the combination of a timer trigger 32 connected in parallel 
With the series combination of a capacitor C1 and the 
primary Winding of an autotransformer T1. The secondary 
Winding of the autotransformer is connected to the trigger 
band of the ?ashtube and When timer trigger 32 is ?red 
capacitor C1 discharges through the autotransformer and 
produces a high voltage trigger pulse Which, if the voltage 
across the ?ashtube, as determined by a capacitor C2 con 
nected in parallel With the ?ashtube, exceeds its threshold 
?ring voltage, causes the ?ashtube to conduct and quickly 
discharge capacitor C2. 

Capacitor C2 is incrementally charged from a suitable 
D.C.-to-D.C. oscillator 34 through an inductor L1 Which is 
connected to the positive terminal of capacitor C2 through a 
resistor R2 connected in series With a diode D2. The node 
betWeen inductor L1 and resistor R2 is connected to ground 
through a sWitch Q1, Which may be a MOSFET. The 
D.C.-to-D.C. oscillator 34 is connected across a DC. volt 
age source, represented by Vin, and includes means for 
closing and opening sWitch Q1 for connecting and discon 
necting inductor L1 across the DC. source. Energy is stored 
in the inductor during closed periods of the sWitch and this 
stored energy is transferred from the inductor to capacitor 
C2 during open periods of the sWitch. The repetitive opening 
and closing of sWitch Q1, Which may cycle at a frequency 
in the range from about 3,000 HZ to about 30,000 HZ, Will 
eventually charge capacitor C2 to the ?ring threshold volt 
age of the ?ashtube. 

Faced With the reality that the supply voltage to strobe 
alarms, even through typically D.C., may vary betWeen Wide 
limits, in order to meet UL speci?cations that the ?ash rate 
of the strobe must meet minimum requirements for the range 
of voltages for Which the strobe is to operate, strobe circuits 
have heretofore been designed to expend the required energy 
for the loWest reasonably expected voltage. As a 
consequence, supply voltages greater than the loWest rea 
sonably expected value Would unnecessarily expend energy 
in the ?ash above the minimum, more often than needed 
and/or in a non-useful manner. For example, the capacitor 
C2 connected across the ?ashtube charges faster for higher 
input voltages; thus, if the ?ash is actuated When the 
potential across the capacitor attains the threshold ?ring 
voltage of the ?ashtube, the ?ash rate Will increase, resulting 
not only in a Waste of energy but also unnecessary Wear and 
tear on the capacitor. In the case of the ?ashtube being 
triggered by a separate timing circuit, such as the timer 
trigger 32, a higher input voltage Will cause overcharging of 
the storage capacitor, or at least make it necessary to provide 
a larger capacitor than should be necessary. As a result, the 
potential across the capacitor Will cause a brighter than 
necessary ?ash, thereby Wasting energy. 

In order to minimiZe unnecessary expenditure of energy, 
yet provide suf?cient energy per ?ash at a constant fre 
quency to meet minimum standards, the strobe circuit of 
FIG. 2 includes an energy limiter circuit Which adjusts the 
amount of energy transferred to capacitor C2 responsively to 
changes in amplitude of the supply voltage. The energy 
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limiter may take the form of a voltage regulator 36 con 
nected in series With D.C.-to-D.C. oscillator 34 across the 
voltage source. Alternatively, it may be a voltage regulator 
36‘ connected betWeen oscillator 34 and the positive termi 
nal of capacitor C3, or a voltage regulator 36“ connected 
from the junction of inductor L1 and resistor R2 to the 
negative side of the voltage source. 

In order that the strobe circuit of FIG. 2 be triggered by 
sync control module 18, a positive potential is normally 
supplied to a sync trigger circuit 38 via a conductor 40 
connected to the positive terminal of the voltage source 
(Which, it Will be seen is a positive output terminal of sync 
control module 18). This potential also normally poWers the 
internal timer trigger 32. Each time sync control module 18 
brie?y interrupts this voltage, timer trigger 34 is disabled 
and sync trigger 38 is enabled and triggers the ?ring of the 
?ash unit. 

The preferred embodiment of the sync control circuit 18 
shoWn in FIG. 3 is connected across a DC. voltage source 
Which supplies a voltage Vin. The supply voltage Vin may 
have a Wide range of values, from 20 volts to 31 volts, for 
eXample, in a nominally 24 volt system. The voltage is 
normally applied through a double pole double throW relay 
K1, shoWn in its normal position, to a pair of output 
terminals Which supply a voltage V0,” to the input terminals 
of strobe units 10, 12, . . . . . . . N connected in the loop. That 

is to say, eXcept When it is operating in a sync mode, the sync 
control circuit simply provides a direct connection from a 
DC. voltage source, typically housed in the ?re alarm 
control panel 20, to the loop connected strobes, so as to 
enable each of them to operate independently of the others 
at a ?ash rate determined by its internal timer. 

The supply voltage Vin is also applied through a diode D1, 
Which typically has a voltage drop of 0.7 volt, to a regulator 
circuit Which includes resistors R4, R5, R6 and R7, a 
transistor sWitch Q1 and an integrated circuit U1 connected 
as shoWn and having component values so as to provide a 
regulated 5.00:1% volt supply to the VCC input of a micro 
controller U2. One terminal of resistor R4 is connected to 
the cathode of diode D1 and at the other terminal is 
connected to both resistor R5 and the collector of a sWitch 
Q1, Which in this case is a transistor. The other terminal of 
resistor R5 is connected to the base electrode of sWitch Q1 
and to an integrated circuit U1, Which acts as a controlled 
Zener for providing a precise 5.00 volts supply. Resistor R7 
is connected betWeen the emitter of sWitch Q1 and the 
control pin of integrated circuit U1. Resistor R6 is connected 
at one end to both resistor R6 and the control pin of 
integrated circuit U1 and at the other end to one end of U1, 
Which is connected to the negative side of the voltage 
source. Resistors R6 and R7 are of equal value for biasing 
integrated circuit U1. A reset circuit for microcontroller U2 
includes a diode D3, a resistor R1 and a capacitor C3. Diode 
D3 and resistor R1 are connected to each other in parallel, 
the cathode of diode D3 being connected to the emitter of 
sWitch Q1 and its anode being connected to both the positive 
terminal of a capacitor C3 and the “CLEAR” input to 
microcontroller U2. The other terminal of capacitor C3 is 
connected to the negative side of the voltage source. 
As noted earlier, a regulated potential of 5.00 volts is 

applied at VCC of microcontroller U2; its V55 terminal is 
connected to the negative side of the voltage source. A 
capacitor C4 connected across VCC and V55 acts as a ?lter. A 
resonator circuit 94 consisting of an oscillator Y1 and 
capacitors C1 and C2 is connected across the tWo oscillator 
inputs of, and supplies 4 MHZ oscillations to, microcontrol 
ler U2. Capacitors C1 and C2 are respectively connected 
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6 
betWeen the ?rst and second oscillator inputs of the micro 
controller and the negative side of the voltage source. 

Before describing the function of the microcontroller U2, 
the components of the circuit affected thereby Will be 
described. Connected across Vin is a branch consisting of a 
diode D2, having a voltage drop of approximately 0.7 volt, 
a sWitch Q3, in this embodiment a Darlington transistor pair, 
the coil of relay K1 and a sWitch Q2, Which in this embodi 
ment is a MOSFET. The voltage applied to the base elec 
trode of one transistor of the Darlington pair is regulated by 
a resistor R8 and a Zener diode D4 series-connected in that 
order betWeen the cathode of diode D2 and the end of the 
coil of relay K1 that is connected to sWitch Q2. 

SWitch Q2 is cycled betWeen a conducting state and a 
nonconducting state by an output of microcontroller U2 
Which is applied to the gate of sWitch Q2 via a voltage 
divider including a resistor R2 connected from the output 
(Pin 9) of microcontroller U2 to the gate, and a resistor R3 
connected from the gate electrode to the negative side of the 
poWer source. When sWitch Q2 is closed, the potential at the 
output emitter of sWitch Q3 is pulled to that of the negative 
side of the source, causing sWitch Q3 to conduct and thereby 
cause current to ?oW through the coil of relay K1 and sWitch 
the relay from its normal position to the other set of contacts. 
Actuation of the relay reverses the polarity of V0,”, Which 
amounts to interrupting the positive DC. voltage normally 
supplied to the controlled strobe units. When sWitch Q2 is 
opened, sWitch Q3 stops conducting, the relay is deener 
giZed and V0,” is returned to its original polarity. By con 
trolling the opening and closing of sWitch Q2, the rate at 
Which the voltage supplied to the strobes is interrupted, and 
for hoW long, is regulated. 
The real time clock and prescaler of microcontroller U2, 

Which in this embodiment is a PIC16C71 microcontroller 
having 8-bit resolution, are used to produce signals for 
accurately controlling the ON time of sWitch Q2. Typically, 
the real time clock and prescaler routine produce pulses at 
Pin 9 Which cause sWitch Q2 to be ON, and therefore 
interrupt poWer to the strobes, for a period of from 10 to 30 
milliseconds, and to be OFF or open for 2.9 seconds. As 
illustrated by the simpli?ed ?oW chart of FIG. 4, upon 
initialiZation by the main microcontroller program, sWitch 
Q2 is open and relay K1 is in the condition shoWn in FIG. 
3. FolloWing a delay of 2.9 seconds, the desired ?ash cycle 
of the controlled strobes, sWitch Q2 is closed and sWitch Q3 
conducts and energiZes relay K1 for a period of 10 to 30 
milliseconds, folloWing Which the relay is again turned off 
and the process is repeated. If for any reason microcontroller 
U2 should fail to deliver a pulse to sWitch Q2 2.9 seconds 
later, the relay Will remain OFF and DC. poWer Will be 
supplied to the individual controlled strobes, alloWing each 
to operate independently under control of its internal timing 
trigger. 
By Way of example, the circuit shoWn in FIG. 3, When 

energiZed from a 24 volt DC poWer source, may use the 
folloWing parameters to obtain the desired sWitching cycle: 

ELEMENT VALUE OR NO. 

c1, c2 cAP., 33 pF, 200 v 
c3 cAP., 47 ,uF 
c4 cAP., 15 ,uF, 16 v 
D1, D2 DIODE, 1N4007 
D3 DIODE, 1N914 
D4 DIODE, 1N4742A 
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-continued 

ELEMENT VALUE OR NO. 

Q1 TRANSISTOR, 2N5550 
Q2 TRANSISTOR, IRF71O 
Q3 TRANSISTOR TIP122 
R1 RES., 39 K, 1 W, 5% 
R2 RES., 220, 1 W, 5% 
R3 RES., 100 K, 1 W, 5% 
R4 RES., 330, 1 W, 5% 
R5 RES., 4.7 K, 1 W, 5% 
R6, R7 RES., 10 K, 1 W, 1% 
R8 RES., 4.7, 1 W, 5% 4.7 K 
U1 LC., TL431A 
K1 RELAY, DPDT 
U2 LC., PIC16C34 
Y1 CERAMIC RES., 4 MHZ 

As discussed earlier, sync control circuit 18 (FIG. 3) is 
designed to synchronize ?ashing of strobes of various 
designs, including an optocoupler strobe circuit of the type 
described in US. Pat. No. 5,121,033, provided it has the 
features depicted in FIG. 2. A currently preferred modi?ca 
tion of the patented optocoupler strobe, shoWn in FIG. 5, 
differs from the patented circuit in the respects that it 
includes means for limiting the energy expended; a sync 
trigger circuit; and, a re-settable internal trigger to enable it 
to self-?re in the event the sync control circuit fails to deliver 
a sync pulse at the appropriate time. A storage capacitor C1 
connected in parallel With the ?ashtube is incrementally 
charged from an inductor L1 Which is connected to the 
positive terminal of the capacitor through a resistor R3 
connected in series With a diode D2. The rate at Which 
increments of energy are transferred from inductor L1 to 
capacitor C1 is determined by an optocoupler circuit Which 
includes a resistor R2 connected in series With inductor L1. 
When a sWitch Q1 is closed and connects the inductor across 
the DC. voltage source, Vin, the voltage developed across 
resistor R2 is indicative of the magnitude of the current 
?oWing through inductor L1. Opening of sWitch Q1 is 
controlled by an optocoupler U1 consisting of a light 
emitting diode optically coupled to a phototransistor detec 
tor. The voltage at the collector electrode of the transistor 
portion of the optocoupler, and at the base electrode of 
sWitch Q1, is established by a voltage divider consisting of 
a resistor R8 and a Zener diode Z2 connected in series across 
the DC. supply, a capacitor C4 connected in parallel With 
diode Z2 and a resistor R1 connected from the junction of 
resistor R8 and diode Z2 to the aforesaid transistor collector 
electrode and to the base electrode of sWitch Q1. The diode 
Z2 protects sWitch Q1 against over-voltage and provides the 
regulated voltage required for the timing circuit. The capaci 
tor C4 ?lters the regulated voltage, and is particularly 
needed When the DC. source is a full-Wave recti?ed supply. 
As poWer is initially supplied to the circuit (that is, during 

the 2.9 seconds periods betWeen sync signals from the sync 
control circuit) the LED and transistor of optocoupler U1 are 
both “off” and sWitch Q1 quickly turns “on” and connects 
inductor L1 across the DC. source. Closing of sWitch Q1 
initiates charging of the inductor L1 and a buildup of current 
through an isolating diode D1 and resistor R2. When the 
current ?oWing through inductor L1 attains a value suf?cient 
to develop a voltage across resistor R2 of approximately 1.2 
volts, the conduction threshold voltage of the LED portion 
of the optocoupler, the diode is turned “on” and illuminates 
the transistor portion to turn it “on” Which, in turn, causes 
sWitch Q1 to be turned “off” thereby to disconnect inductor 
L1 from across the DC. source. During the open “off” 
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8 
period of sWitch Q1, energy stored in inductor L1 is trans 
ferred through resistor R3 and diode D2 to capacitor C1. 
Upon cessation of current ?oW through resistor R2 due to 
opening of sWitch Q1, the voltage drop across resistor R2 is 
no longer suf?cient to keep the LED “on”, the transistor 
stops conducting, sWitch Q1 is again turned “on” and the 
cycle is repeated. 
The “on” and “off” periods of sWitch Q1 are determined 

by the sWitching characteristics of optocoupler U1, the 
values of resistors R1, R2, R8 and Zener diode Z2, the 
values of inductor L1 and the voltage of the DC. source, and 
may be designed to cycle at a frequency in the range from 
about 3000 HZ to about 30,000 HZ. The repetitive opening 
and closing of sWitch Q1 eventually charges capacitor C1 to 
the point at Which the voltage across it attains a threshold 
value required to ?re the ?ashtube. Overcharging of capaci 
tor C1 by a higher than designed source voltage is prevented 
by a resistor R5 and a Zener diode Z1 connected in series 
betWeen the base electrode of the optocoupler transistor and 
the positive electrode of storage capacitor 12. The values of 
these components are chosen so that When the voltage across 
capacitor C1 attains the ?ring threshold voltage of the 
?ashtube, a positive potential is applied to the base electrode 
of the optocoupler transistor and turns “on” the transistor 
Which, in turn, turns sWitch Q1 “off” and disconnects 
inductor L1 from across the DC. source. 

The timer trigger circuit of the ?ash unit includes a 
resistor R4 connected in series With the combination of a 
sWitch Q3, Which is this embodiment is an SCR, connected 
in parallel With the series combination of a capacitor C2 and 
the primary Winding of an autotransformer T1, the second 
ary Winding of Which is connected to the trigger band of the 
?ashtube. When the voltage across the ?ashtube eXceeds its 
threshold ?ring voltage, sWitch Q3 conducts and the charge 
on capacitor C2 ?oWs through the primary of transformer 
T1, inducing a high voltage pulse in its secondary and 
causing the ?ashtube to conduct. As previously mentioned, 
the ?ashtube quickly discharges the energy stored in capaci 
tor C1, readying it to be recharged from the inductor L1 
through diode D2. 
The strobe circuit of FIG. 5 is triggered by the sync 

control module 18, to the eXclusion of the just-described 
timer trigger, by a sync trigger circuit Which includes a 
resistor R7 and a capacitor C3 connected in series in that 
order betWeen the junction of resistor R8 and diode Z2 and 
the negative side of the poWer source. A sWitch Q2, Which 
in this embodiment is a programmable unijunction 
transistor, is connected in series With a resistor R6 across 
capacitor C3, and a voltage divider consisting of series 
connected resistors R9 and R10 is connected in parallel With 
the series combination of resistor R7 and capacitor C3. The 
junction of resistors R9 and R10 is connected to the gate 
electrode of the PUT, and the positive terminal of resistor R6 
is connected to the gate electrode of the SCR Q3. 
When the regulated voltage supplied to the sync trigger 

circuit is interrupted by operation of sync control module 18, 
the previously charged capacitor C3 discharges through 
resistor R7, and When the voltage on capacitor C3 reaches a 
predetermined level as determined by the characteristics of 
sWitch Q2 and the resistance values of resistors R9 and R10, 
sWitch Q2 is turned “on” Which, in turn, turns SCR Q3 “on” 
to ?re the ?ashtube. Shortly after the ?ashtube ?res, the short 
interruption period of the applied potential terminates, and a 
positive potential is again applied to diode D1 thereby to 
ready the circuit for arrival of the neXt sync pulse. In this 
embodiment, resistors R9 and R10 are eXternal to sWitch Q2, 
enabling better tolerance control over their values than When 
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these resistors are internal to switch Q2 as is the case in the 
modi?ed circuit shown in FIG. 6, Which in all other respects 
is identical to the circuit of FIG. 5. In the FIG. 6 sWitch Q2 
is not a PUT but, instead, is a unijunction transistor having 
tWo internal resistors corresponding to resistors R9 and R10. 
Thus, the modi?cation shoWn in FIG. 6 has tWo feWer parts 
then the FIG. 5 circuit, at the possible eXpense of less 
tolerance control. 
By Way of example, the circuit illustrated in FIG. 5, and 

the modi?cation thereof shoWn in FIG. 6, When energized 
from a 24 volt DC. power source, may use the folloWing 
parameters for the circuit elements: 

ELEMENTS vALUE OR NO. 

c1 cAP., 47 ,uF, 250 v 
c2 cAP., .047 ,uF, 400 v 
c3 cAP., 15 ,uF, 5% 
c4 cAP., 15 ,uF, 5% 
D1 DIODE, 1N4007 
D2 DIODE, HER106 
L1 INDUcTOR, 8.5 mH 
Z1 DIODE, 240 v. 
Z2 DIODE, 9.1 v., 5% 
O1 TRANSISTOR, IRF710 
O2 PUT 2N6027 (FIG. 5); UIT 

2N2646 (FIG. 6) 
T1 TRIGGER TRANSFORMER 
DS1 FLASHTUBE 
O3 ScR, Ec103D 
R1 RES., 22 K, 1 W 
R2 RES., 16.9 
R3 RES., 180, 1 W 
R4 RES., 220 K 
R5 RES., 33 K 
R6 RES., 47 
R7 RES., 220 K 
R8 RES., 4.7 K 
R9, R10 RES., 10 K, 1% 
U1 OPTOCOUPLER, 4N37 

FIG. 7 is a circuit diagram of another strobe circuit 
utiliZing an optocoupler for D.C.-to-D.C. conversion in 
Which a combination of a CMOS timer and an SCR is used 
to control ?ring and triggering of the ?ashtube in both the 
synchronous and non-synchronous modes of operation. 
Brie?y, a capacitor C6 connected in parallel With the ?ash 
tube is incrementally charged through a diode D5 and a 
resistor R11 from an inductor L1, Which is cyclically con 
nected and disconnected across a DC. supply by a sWitch 
Q3 controlled by an optocoupler U2. A Zener diode D2 and 
a resistor R9 series-connected betWeen the base electrode of 
the transistor of the optocoupler and the positive terminal of 
capacitor C6 shuts off the D.C./D.C. oscillator When the 
capacitor is charged to maXimum capacity, thereby limiting 
the energy supplied to the ?ashtube to only What is neces 
sary. The trigger circuit for the ?ashtube includes a resistor 
R10 connected in series With the combination of a sWitch 
Q2, Which in this embodiment is an SCR, connected in 
parallel With the series combination of a capacitor C1 and 
the primary Winding of an autotransformer T1, the second 
ary of Which is connected to the trigger band of the ?ashtube. 
When sWitch Q2 is turned “on” in a manner to be described 
presently, capacitor C1 discharges through the primary of 
transformer T1 and induces a high voltage in the secondary 
Winding Which, if the voltage on capacitor C6 equals the 
threshold ?ring voltage of the tube, causes the ?ashtube to 
conduct and quickly discharge capacitor C6. 

In this embodiment, sWitch Q2 is turned “on” in both the 
synchronous and self-timed modes of operation by an inte 
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10 
grated circuit timer U1 Which, in this embodiment is a 
KS555 timer. The KS555 is a stable timer capable of 
producing accurate time delays or frequencies, Which for 
stable operation as an oscillator, as here used, the free 
running frequency and the duty cycle are both accurately 
controlled by tWo resistors R3 and R2 and a capacitor C3 
connected in series in that order betWeen the junction of a 
resistor R6 connected in series With a Zener diode D3 and 
the negative side of the DC. supply. The Zener D3 regulates 
the voltage applied to the VCC terminal of the timer and to the 
junction betWeen resistors R6 and R3. The “THRES” and 
“TRIG” terminals of the timer are connected to the junction 
betWeen resistor R2 and capacitor C3 and the DISCHARGE 
terminal is connected to the junction of resistors R3 and R2. 
The RESET terminal is connected to the junction betWeen a 
resistor R7 and a capacitor C5 connected in series across the 
DC. supply, and the OUTPUT terminal is connected to the 
base electrode of a sWitch Q1, Which in this embodiment is 
a transistor. The junction betWeen resistor R7 and capacitor 
C5 is also connected via a diode D4 to the VCC terminal. 

In this embodiment, resistors R2 and R3 have resistance 
values of 100 ohms and 150 K ohms, respectively, and 
capacitor C3 has a value of 15 pF. When operating in the 
non-synchronous (i.e., self-timed) mode, capacitor C3 is 
charged through resistors R3 and R2 until it has charged to 
2/3 V of the Zener voltage of diode D3. During charging, the 
“OUT” Pin 3 of the timer is high, causing transistor Q1 to 
conduct Which, in turn, by reason of a connection from its 
collector electrode to the gate electrode of SCR Q2, turns the 
latter “Off”. Once capacitor C3 has charged to 2/3 V, the 
voltage at Pin 7 causes Pin 3 to go loW, Which initiates a 
discharge cycle. Capacitor C3 discharges through resistor 
R2 only until its voltage reaches 1/3 of the voltage on D3, 
Which because of the small resistance of R2 occurs in a very 
brief time period. During this brief period, sWitch Q1 is 
turned “off” and applies a pulse to sWitch Q2 to turn it “on” 
and the ?ashtube is ?red The timer provides greater control 
over the ?ash rate in the non-synchronous mode than does 
the circuit shoWn in FIGS. 5, potentially at less than 3 
seconds intervals. 

When operating in the synchronous mode, the timer U2 is 
in its charging or “on” state; When a sync pulse arrives the 
DC. poWer is interrupted by Pin 4 (RESET) of the timer 
being pulled to ground through the action of the series 
connected resistor R7 and capacitor C5, the potential at the 
junction of Which is coupled to Pin 4 (RESET) and also 
through diode D4 to the VCC terminal of the timer. Grounding 
of Pin 4 resets the timer, turning sWitch Q1 “off” Which, in 
turn, turns sWitch Q2 “on” to ?re the ?ashtube. Upon 
termination of the sync signal, Which it Will be recalled has 
a period in the range from 10 to 30 milliseconds, capacitor 
C3 is again charged through resistors R6, R3 and R2 to ready 
the timer for arrival of the neXt sync signal. In case a sync 
signal does not arrive 2.9 seconds later the timer Will 
automatically go into the described non-synchronous self 
timed mode. 

By Way of eXample, the folloWing parameters may be 
used for the components of the FIG. 7 circuit, having a Vin 
of 24 V DC, to obtain the indicated ?ash frequencies: 

ELEMENT vALUE OR NO. 

c1 cAP., 0.047 ,uF, 400 v 
c2, c3 cAP., 15 ,uF, 16 v 
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-continued 

ELEMENT VALUE OR NO. 

C4 CAP., 0.01 ,uF 
C5 CAP., 0.1 ,uF 
C6 CAP., 47 ,uF, 250 V 
D1 DIODE, 1N4007 
D2 ZENER DIODE, 240 V 
D3 ZENER DIODE, 1N5239 
D4 DIODE 1N914 
D5 DIODE HER106 
Q1 TRANSISTOR, 2N4401 
Q2 SCR, 7 
Q3 TRANSISTOR, IRF71O 
L1 INDUCTOR 8.7 mH 

R1 RES., 22 R 
R2 RES., 100 
R3 RES., 150 K 
R4, R5 RES., 10 K 
R6 RES., 4.7 K 
R7 RES., 10 K 
R8 RES., 16.9 
R9 RES., 33 K 
R10 RES., 220 K, 1 W 
R11 RES., 180, 1 W 
U1 TIMER, KS555 
U2 OPTCOUPLER, 4N35 

FIG. 8 is a circuit diagram of a microcontroller strobe 
circuit similar to that disclosed and claimed in applicants’ 
copending application Ser. No. 08/061,965 ?led May 14, 
1993, the ?ashing of Which also may be synchronized by the 
sync control circuit 18 of FIG. 3. The circuit is connected 
across the DC. voltage source, supplied via the sync control 
circuit 18 as previously described, having a voltage Vin. The 
voltage is applied through a diode D1, Which typically has 
a voltage drop of 0.7 volt, to a regulator Which includes 
resistors R10, R11, R12 and R13, a sWitch Q2 and an 
integrated circuit U1 for providing a regulated 5.00:1% 
volts input to the VCC terminal of a microcontroller U2. A 
precise VCC input voltage is vital for the analog-to-digital 
reference input of microcontroller U2. Resistors R10 and 
R11 are connected in series betWeen the cathode of diode D1 
and the base electrode of sWitch Q1, Which in this case is a 
transistor, and also to the cathode of integrated circuit U1, 
Which acts as a controlled Zener for providing 5.00 
volts:1%. Resistors R12 and R13 are connected in series 
betWeen the emitter of transistor Q2 and the negative side of 
the voltage source, and their junction is connected to the 
control electrode of integrated circuit U1. Resistors R12 and 
R13 are of equal value for biasing integrated circuit U1. 
A reset circuit includes a diode D4, and a capacitor C5 

connected in series betWeen the emitter electrode of sWitch 
Q2 and the negative side of the DC. source, and a resistor 
R3 connected in parallel With diode D4. The junction 
betWeen diode D4 and capacitor C5 is connected to the 
“CLEAR” terminal of microcontroller U2. As stated above, 
microcontroller U2 is supplied With a regulated 5 volt supply 
at VCC; the V55 terminal is connected to the negative side of 
the source. A capacitor C8 connected across VCC and V55 acts 
as a ?lter. A resistor R7 connected betWeen one of the 
analog-to-digital input terminals (PAO, Pin 17) of micro 
controller U2 and the negative side of the source acts as a 
shield for the controller. Oscillations at a frequency of 4 
MHZ are applied to terminals OSCl and OSC2 of the 
microcontroller by a resonator circuit consisting of an oscil 
lator Y1 and a pair of capacitors C1 and C2 connected 
betWeen the negative side of the source and the ?rst and 
second oscillator inputs, respectively. 

Avoltage level proportional to the supply voltage, Vin, is 
supplied to a different analog-to-digital input terminal of the 
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12 
microcontroller, for example, the PAl terminal (Pin 18) by 
a voltage divider netWork consisting of a potentiometer R15, 
a resistor R9 and a resistor R4 connected in series betWeen 
the junction of diode D1 and resistor R10 and the negative 
side of the DC. source, and a capacitor C6 connected in 
parallel With resistor R4. The voltage developed at the 
junction betWeen resistors R9 and R4, Which may be ?ne 
tuned by the potentiometer R15, is applied to the PAl 
terminal. 
The microcontroller U2 controls the opening and closing 

of a sWitch Q1, Which in this embodiment is a MOSFET, by 
coupling a signal developed at an output terminal PB3 (Pin 
9) via a voltage divider consisting of resistors R6 and R8 to 
the gate electrode of sWitch Q1. SWitch Q1 is connected in 
series With an inductor L1 and a diode D2, and When closed 
connects the inductor across the voltage source, Vin. With 
sWitch Q1 closed, inductor L1 stores energy until a steady 
state level is reached, or the sWitch is opened. When sWitch 
Q1 is opened, the energy stored in inductor L1 is at least 
partially transferred through a diode D3 and a resistor R14 
to a storage capacitor C7 connected in parallel With a 
?ashtube. By controlling the opening and closing of sWitch 
Q1, the rate at Which energy is stored in inductor L1 is 
regulated, thereby regulating the energy transferred to stor 
age capacitor C7. Diode D3 permits current ?oW into the 
?ash unit but prevents discharge of capacitor C7 When the 
potential across it is higher than Vin or the potential across 
inductor L1. The ?ashtube is shunted by a trigger circuit 
Which includes a resistor R1 connected in series With the 
combination of a sWitch Q3, Which in this embodiment is an 
SCR, connected in parallel With the series combination of a 
capacitor C3 and the primary Winding of an autotransformer, 
the secondary Winding of Which is connected to the trigger 
band of the ?ashtube. When, at the appropriate time, a signal 
produced at the PA2 output of microcontroller U2 is applied 
via a resistor R5 to the gate of the SCR (Q3), the SCR is ?red 
and causes capacitor C3 to discharge through the primary 
Winding of the transformer, inducing a high voltage pulse in 
the secondary Winding Which ioniZes the gas in the ?ashtube 
and causes it to ?ash, provided the voltage thereacross 
equals or exceeds the threshold ?ring voltage. A resistor R2 
connected betWeen the gate electrode of the SCR and the 
negative side of the DC. supply isolates the SCR from 
noise. 

Microcontroller U2, Which in this embodiment is a 
PIC16C71 microcontroller having a built-in analog-to 
digital converter With 8-bit resolution, uses the A/D con 
verter to arrive at a digital equivalent of the supply voltage 
and then uses this digitiZed information to control the 
opening and closing of sWitch Q1, and thus the charging of 
inductor L1 and the transfer of energy from the inductor to 
capacitor C7, so that the output PA2 triggers sWitch Q3 to 
?re the ?ashtube at the same time that the potential across 
the capacitor C7 has attained the desired value. More 
particularly, the A/D converter measures the supply voltage 
in 256 steps of approximately 1A1 volt each. The microcon 
troller program U2 equates each step With a location in a 
look up table. One conversion or measurement is made for 
each cycle of the sWitch Q1, a neW value being read from the 
lookup table each time. These values control the ON time of 
sWitch Q2. The ON time for each value in the lookup table 
is empirically derived; for loW voltages, the ON time is long, 
and for high voltages, the ON time is shorter, Whereby the 
energy stored throughout a ?ash cycle is kept someWhat 
constant. 

The sWitching frequency of sWitch Q1 is in the range of 
approximately 3 kHZ to 30 kHZ and has a high duty cycle 



US RE38,183 E 
13 

(roughly 50% to 90%). Each value in the lookup table 
equates to a switching frequency for ensuring that sWitch Q2 
Will be ON for suf?cient time to charge capacitor C7 to the 
precise amount needed for the minimum required intensity 
of once per three seconds ?ash, for example. The high duty 
cycle results in storing of the energy in inductor L1 for most 
of the three seconds interval betWeen ?ashes. This means 
that peak currents are loWer than if the routine utiliZed a loW 
duty cycle in Which inductor L1 Was charged for a relatively 
shorter period during each ?ash cycle. 

If the supply voltage sensed is beloW a minimum (e.g., 
less than 13 volts, beloW Which it may be impossible to 
obtain the precise 5.00 volts:1%) microcontroller U2 turns 
sWitch Q1 OFF and Waits for the level to rise above the 
preset start up voltage (e.g., 14 volts). 

Microcontroller U2 has an interrupt, a real time clock and 
a prescaler Which are used to produce an accurate, one per 
three seconds ?ash rate. The real time clock and prescaler 
generate a one-?fteenth of a second interrupt. The interrupt 
service routine then counts these pulses. When ?fteen pulses 
have occurred, a pulse is sent to the SCR Q3 and the 
?ashtube is triggered. The interrupt routine additionally 
controls the variable OFF time function. The OFF time of 
sWitch O1 is programmed to be a different predetermined 
value dependent on the number of cycles completed in the 
?fteen hertZ rate of the interrupt (i.e., dependent on the time 
since the last ?ash). A high value of OFF time is used after 
a trigger event, folloWed by several progressively loWer 
values. This helps to minimiZe current anomalies during and 
immediately after a ?ash. 
By Way of eXample, the folloWing parameters may be 

used for the elements of the FIG. 8 circuit to obtain a ?ash 
frequency of one ?ash per three seconds: 

ELEMENT vALUE OR NO. 

c1, c2 cAP., 33 pF, 200 v 
c3 cAP., .047 ,uF, 400 v 
c5 cAP., 47 ,uF 
C6 CAR, 1 ,uF 
c7 cAP., 150 ,uF, 250 v. 
cs cAP., 15 ,uF, 16 v 
D1, D2 DIODE 1N4007 
D3 DIODE HER106 
D4 DIODE 1N914 

L1 INDUcTOR, 8.7 mH 
Q1 TRANSISTOR, IRF74O 
O2 TRANSISTOR, 2N5550 
O3 ScR. Ec103D 
R1 RES., 220 K 
R2 RES., 10 K 
R3 RES., 39 K 
R4, R5 RES., 1 K 
R6 RES., 220 
R7 RES., 100 
R8 RES., 100 K 
R9 RES., 11.3 K 
R10 RES., 330 
R11 RES., 4.7 K 
R12, R13 RES., 10 K 
R14 RES., 120 
R15 POT., 1 K 
T1 TRANSFORMER, TRIGGER 
U1 Lc., TL431A 

Y1 cERAMIc RES., 4 MHZ 

While up to this point the invention has been described in 
association With a ?re alarm system including a ?re alarm 
control panel Which controls multiple strobes connected in a 
single loop, conventional ?re alarm control panels may, and 
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14 
often do, control more than one loop of multiple strobes. The 
several loops may, for eXample, be installed in different 
Zones or sections of a building, in Which case it Would not 
be necessary to synchroniZe ?ashing of the strobes in all of 
the loops, but in other situations it may be desirable to 
synchroniZe ?ashing in one or more of loops presenting an 
alarm condition. The control unit illustrated in FIG. 3 could 
not by itself perform these functions, yet in the interest of 
cost it is desirable to avoid having to provide a separate 
controller for each of the loops. The control circuit shoWn in 
FIGS. 9 and 10 enables one microcontroller to control up to 
four separate loops or Zones, and may be expanded to 
control one or more additional controllers each capable of 
controlling an additional four loops of strobes. Referring to 
FIGS. 9 and 10, in Which components common to FIG. 3 are 
correspondingly identi?ed, a single microcontroller U2, 
Which may be a PIC16C54, is capable of controlling up to 
four loops of strobes (not shoWn) Which are connected to the 
positive and negative OUTPUT terminals of four relay 
circuits labeled ZONE 1, ZONE 2, ZONE 3 and ZONE 4, 
respectively. When and only When an alarm condition is 
present in a Zone, a DC. voltage, typically 24 volts, is 
applied across its positive and negative INPUT terminals, 
and a relay K connected to the positive terminal When in the 
condition shoWn in FIG. 9, supplies this voltage to the 
strobes connected in a loop to that Zone. As Will be described 
presently, the microcontroller U2 produces signals at its 
output pins 6, 7, 8 and 9 Which are applied to control 
circuitry in ZONES 1, 2, 3 and 4, respectively, Which 
momentarily open a corresponding relay K, for a period of 
10—30 milliseconds, thereby interrupting poWer to and trig 
gering ?ashing of the strobes poWered through that relay. 

Referring in detail to FIG. 9 and the ZONE 1 circuitry, the 
positive side of the DC. input voltage is coupled through a 
diode D10 to a terminal labeled “V+” and a negative side is 
coupled through a diode D12, the emitter-collector path of a 
bipolar NPN transistor Q4 and a diode D14 to a terminal 
labeled “V—”. A potential exists betWeen these V+ and V 
terminal only When a DC. potential, Vin, is applied to the 
ZONE 1 input terminals. The same is true of the ZONE 2, 
ZONE 3 and ZONE 4 circuits, namely, that a potential 
appears across their V+ and V- terminals When, and only 
When, a DC. potential indicating an alarm condition is 
applied to their input terminals. The terminals labeled “V+” 
in all four Zones are actually internally connected together 
and to a similarly labeled terminal of a poWer regulator 
circuit (FIG. 10) and the terminals labeled “V—” in all four 
Zones are internally connected together and to the negative 
side of the poWer regulator circuit. Thus, a potential is 
applied across the “V+” and “V—” terminals of the poWer 
regulator only if one or more of the four Zones is energiZed. 
To enable the microcontroller to determine Which of the 

four Zones is energiZed, particularly When more than one are 
energiZed at the same time, each is isolated from the others 
by an isolation circuit including the aforementioned diodes 
D10, D12, D14 and transistor Q4 and a resistor R15 con 
nected betWeen the positive side of the DC. input voltage 
and the base electrode of transistor Q4. Diode D10 is a 
blocking diode Which prevents current ?oW from the 
commonly-connected “V+” terminals to other Zones and 
also prevents current from such common circuit from 
forWard-biasing transistor Q4 When a Zone, say ZONE 1, is 
energiZed. The negative side of the input DC. is coupled via 
diode D12, transistor Q4 and another diode D16 onto a 
respective ZONE INPUT line to a respective one of four 
inputs to microcontroller U2 labeled PBO, PB1, PB2 and 
PB3, respectively. Each of these ZONE INPUT lines is 




















