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[57] ABSTRACT 
A combustion products detector system of the type 
having at least one ionization chamber, the combus 
tion products sensing ionization chamber being open 
or accessible to the surrounding air. The output signal 
voltage from the chamber is connected through an 
FET to a four terminal voltage comparator switch, 
which four terminal switch has an easily adjustable 
threshold voltage. 

9 Claims, 2 Drawing Figures 





3,812,362 
I 

SMOKE DETECTOR CIRCUIT 

SUMMARY OF THE INVENTION 

A unique portion of the system is in the provision of 
a four terminal voltage comparator switch means which 
has a continuously adjustable threshold switching level. 
One terminal of the switch which may be termed the 
reference terminal or threshold terminal is connected 
to an adjustable reference voltage source, which in the 
speci?c embodiment shown is the wiper of a potenti 
ometer in a voltage divider network. The arrangement 
of the circuit provides for a switched output signal in 
response to smoke as well as an analogue output signal 
the magnitude of which is a function of smoke density. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 of the drawing is a schematic representation 
of a preferred embodiment of the invention, and 
FIG. 2 is a variation of a portion of the circuit of FIG. 

1. 

DESCRIPTION 

Referring now to FIG. 1 there is generally shown at 
10 an ionization smoke detector circuit having a plural 
ity of output terminals which are wired to a common or 
central station 11. The smoke detector circuit discloses 
a pair of series connected ionization chambers includ 
ing a closed or nearly sealed reference chamber 12 and 
a smoke sensing chamber 13 which has louvers to allow 
a free exchange of air in and out of the chamber so that 
the appearance of products of combustion or smoke in 
the surrounding air is quickly sensed. Reference cham 
ber 12 has electrodes 14 and 15 and the sensing cham 
ber 13 has electrodes 16 and 17. The electrodes 14 and 
17 are connected across the supply voltage on conduc 
tors 20 and 21, and the intermediate electrodes 15 and 
16 are electrically connected together and provide an 
analogue signal output at conductor 22. Although the 
impedance 12 has been speci?cally described as a ref 
erence chamber it is not a necessary part of the inven 
tion and may be in the form of any suitable resistor or 
impedance means. 
The conductor 22 is ‘connected to the gate G of a 

?eld effect transistor 23, which is shown as being an n 
channel device of the junction-gate type connected in 
a source follower con?guration. The drain electrode D 
of PET 23 is directly connected to the positive supply 
conductor 20 and the source electrode S is connected 
by a junction 24 and a resistor 25 to the negative con 
ductor 21. The junction 24 is also connected by a resis 
tor 26 to the input terminal 30 of a four-terminal com 
parator switching means 31. 
The four-terminal comparator switching means 31 is 

shown as comprising a PNP and an NPN transistor in I 
a positive feedback con?guration. Input terminal 30 
connects to the emitter electrode of the PNP transistor. 
The PNP base electrode is directly connected to the 
NPN transistor collector electrode and to a reference 
terminal 32. The PNP collector electrode is directly 
connected to the NPN transistor base electrode and to 
a third terminal 33. The NPN transistor emitter elec 
trode is directly connected to an output terminal 34 
and terminal 34 is further connected through a resistor 
35 to negative conductor 21. The reference terminal 32 
is directly connected to the adjustable wiper of a set 
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2 
point potentiometer 36. Potentiometer 36 is part of a 
resistive voltage divider connected across supply con 
ductors 20 and 21 and adjustment of the wiper permits 
a selection of a desired reference or set-point voltage 
at terminal 32. The third terminal 33 is connected to 
the negative conductor 21 by a delay circuit comprising 
a capacitor 40 paralleled by a resistor 41. 
' Output terminal 34 of the comparator or threshold 
switching circuit 31 is directly connected to the input 
of a further transistor 42. The collector load circuit for 
transistor 42 is a light emitting diode LED and a resis 
tor 43. An output terminal 5 is also connected to the 
collector electrode of transistor 42. Several other exte 
rior terminals of the ionization smoke detector circuit 
10 are tied to various parts of the circuit just described, 
including terminal 1 which is connected by a resistor 44 
to the electrode 17; terminal 2 connected to conductor 
20; terminal 3 connected to terminal 32; terminal 6 
connected to junction 24' and terminal 7 connected to 
conductor 21. 
Two or more of the exterior terminals of the smoke 

detector 10 are connected to the common or central 
panel 11. Terminals 2 and 7 are connected by conduc 
tors 50 and 51, respectively to a suitable source of DC 
potential in panel 11. If desired a relay coil or coils 52 
may be in series with one of these conductors to sense 
changes in current magnitude as is well known in the 
art. There may be a normally energized or actuated su 
pervisory relay to detect a current reduction and a nor 
mally not actuated marginal relay to indicate a current 
increase by pulling in. The switching output terminal 5 
may be connected through an alarm relay coil 53 to the 
positive supply line. The exterior terminal 6 may be 
connected to a voltmeter 54 to provide an indication of 
the analogue voltage at junction 24 with respect to the 
negative source lead 51 and in addition to indication 
this voltage may be used in a control system. The exte 
rior terminal 3 may be connected to a voltmeter 55 to 
provide an indication of the differential voltage be 
tween the set point voltage of point 32 and the ana 
logue voltage at junction 24, or the meter 55 may have 
one terminal connected to conductor 51 to indicate the 
set point voltage. A normally open Test switch in the 
central panel, when operated, connects a positive po 
tential to the exterior terminal 1 to cause the detector 
circuit 10 to go into alarm. 
FIG. 2 shows a variation of a portion of the circuit of 

FIG. 1, namely that the four terminal comparator 
switching means 31’ is shown in the form of a silicon 
controlled switch (SCS). In this connection, the anode 
is the input terminal 30, the anode gate is the reference 
terminal 32, the cathode gate is the third terminal 33, 
and the cathode the output terminal 34. 

OPERATION OF FIG. 1 

In the normal standby condition in which there is lit 
tle or no smoke in the air being sensed by the sensing 
chamber 13, the effective impedance of the two cham 
bers l2 and 13 is approximately the same and therefore 
about half of the supply potential on conductor 20 ap 
pears on conductor 22 to gate electrode G. The F ET 23 
is connected as a source follower circuit and conducts 
sufficient current so that the analogue voltage at junc 
tion 24 follows the analogue signal voltage at the gate. 
The standby analogue voltage at junction 24 is coupled 
through resistor 26 to input electrode 30 of the com 
parator switch circuit 31. The position of the wiper of 



3 
set point potentiometer 36 adjusts the clean air operat 
ing differential voltage. and the position is selected to be 
higher in voltage than the standby voltage of terminal 
30 so that the circuit 31 is non-conductive; thus there 
is no voltage at output terminal 34 and transistor 42 is 
also non-conductive. In this operating condition the 
comparator switch 31 is stable, and due to the delay 
circuit connected toterminal 33 of switch 31, even the 
occurrence of a voltage transient tending to momentar 
ily increase the potential of terminal 32, will not turn 
on switch 31. The potentiometer 36 makes it possible 
to adjust the clean air operating differential as desired 
at any time during the life of the device, and it may be 
desirable at speci?c intervals of time over the years to 
check the differential and to adjust as necessary. 
Upon the occurrence of smoke at sensor 13, the po 

tential at the gate electrode G increases above its clean 
- air magnitude resulting in an increased potential at ter- _ 
minal 30. The voltage magnitude is a function of the 

1 density of smoke. An analogue voltage exists at sensor 
13, and this analogue voltage may be measured at exte 
rior terminal 6 with respect to terminal 7, by a measur 
ing and/or. control system which in most elementary 
form is shown as voltmeter 54. As the potential at ter 
minal 30 begins to exceed the reference voltage at ter 
minal 32 due to smoke at sensor 13, the switch 31 be 
gins to turn on. .A delay in the switching occurs as the 
delay network comprising capacitor 40 charges. This 
delay prevents transient voltages from turning on the 
switch. As the switching is completed a positive voltage 
developed across resistor 35 appears at output terminal 
34 and biases on transistor 42. The collector current 
?owing in transistor 42 turns on the LED indicator and 
also provides a low impedance path from output termi 
nal 5 tothe negative supply conductor 21. The relay 53 
in the‘ common panel 11 is energized. Subsequent to 
the switching on of comparator switch 31, the supply 
potential on conductors 20 and 21 remains substan 
tially constant and the analogue voltage at terminal 24 
continues to indicate the density of smoke at sensor 13. 

If it'is 'desired'to-test the system from the common 
panel 11 and cause the detector to go into “alarm”, the 
“Test” switch is closed applying a positive voltage 
through resistor 4410 electrode 17 thereby raising the 
potential at conductor 22. The switch 56 in the positive 
supply conductor can be opened brie?y to “reset”, or 
the exterior terminal 3 can be briefly connected to the 
positive conductor to reset switch 31. In operation the 
switch of FIG. 2 may be explained in the same manner 
as has been explained for FIG. 1. 
The embodiments of the invention in which an exclu 

sive property or right is claimed are defined as follows: 

1. In an ionization type products-of-combustion de 
tector, an improved circuit for providing an analogue 
output signal voltage indicative of the sensed condition 
as well as providing a switched output indicative of the 
sensed‘ condition exceeding a set’ point, the improved 
circuit comprising in combination; 

?rst and second power input terminals to be ener 
gized from a dc. source; 
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impedance means and an ionization sensing chamber 6 
serially connected across said terminals and having 
a signal terminal connected intermediate said 
means and said chamber, so that in operation an 

4 
analogue output signal voltage indicative of the 
sensed condition exists at said signal terminal; 

a four-terminal semiconductor switch having as ter 
minals an input terminal, a reference terminal, a 
third terminal, and an output terminal, said switch 
switching from an off to an on condition when the 
voltage at the input terminal exceeds the voltage at 
the reference terminal; 

a source of adjustable set-point voltage connected to 
said reference terminal; ' 

means connected to said switch input terminal and to 
said chamber signal terminal and providing a signal 
to said input terminal which is a function of said an 
alogue voltage; 

delay circuit means connected to said third terminal; 

and output circuit means connecting the output ter 
} minal to said second power input terminal, said 
switch providing a switched output at said output 
terminal. ~ ' _ 

2. The invention of claim 1. in which said four 
terminal semiconductor switch comprises two transis 
tors, one an NPN transistor and the other a PNP tran 
sistor, the base electrode of the PNP transistor being 
directly connected to the collector electrode of the 
NPN transistor and also to said reference terminal, the 
base electrode of the NPN transistor being directly 
connected to the collector electrode of the PNP tran 
sistor and also to said third terminal, the emitter elec 
trode of said PNP and NPN transistors comprising said 
input terminal and output terminal, respectively. 

3. The invention. of claim 1 in which said four 
terminal semiconductor switch is a four-terminal SCS 
(silicon controlled switch) having an anode, an anode 
gate, a cathode gate and a cathode as the input termi 
nal, reference terminal, third terminal and output ter 
minal, respectively. 

4. The invention of claim 1 in which said delay circuit 
means comprises capacitive means. 

5. The invention of claim 1 in which said delay circuit 
means comprises a capacitor and resistive means in 
parallel connecting said third terminal to said second 
power input terminal. 

6. The invention of claim 1 in which said impedance 
means is a reference ionization chamber in series with 
the ionization sensing chamber. 7 

7. The invention of claim 1 in which said means con 
nected to said switching means input terminal and to 
said chamber signal terminal comprises a field effect 
transistor circuit. 

v8. The invention of claim 1 and further comprising: 

circuit means connecting said analogue output signal 
voltage to an external connection point where it 
can be adapted for use in control and indication. 

9. In an ionization type smoke detector, an improved 
circuit for providing analogue output signal voltages 
indicative of a) the sensed condition and b) the set 
point, as well as providing a switched output signal volt— 
age indicative of the sensed condition exceeding a set 
point, the improved circuit comprising in combination; 

?rst and second power input terminals to be ener 
gized from a dc. source; 

a reference chamber and a smoke sensing chamber 
serially connected across said terminals and having 
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a signal terminal connected intermediate said 
chambers; 

impedance means connecting one of the current car 
rying electrodes of a field effect transistor to said 
second power input terminal, the other current car 
rying electrode being connected to the ?rst power 
input terminal, the gate electrode thereof being 
connected to said signal terminal, so that in opera 
tion an analogue output signal voltage indicative of 
the sensed condition exists at a terminal connected 
to said one current carrying electrode; 
four-terminal semiconductor switch having as ter 
minals an input terminal, a reference terminal, a 
third terminal, and an output terminal in which said 
four-terminal switch comprises two transistors, one 
an NPN transistor and the other a PNP transistor, 
the base electrode of the PNP transistor being di 
rectly connected to the collector electrode of the 
NPN transistor and also to said reference terminal, 
the base electrode of the NPN transistor being di 
rectly connected to the collector electrode of the 
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PNP transistor and also to said third terminal, the 
emitter electrode of said PNP and NPN transistors 
comprising said input terminal and output termi 
nal, respectively, said switching means switching 
from an off to an on condition when the voltage at 
the input terminal exceeds the voltage at the refer~ 
ence terminal; > 

a source of adjustable set-point voltage connected to 
said reference terminal and to an output signal ter 
minal for providing an analogue output signal volt 
age indicative of the set-point; 

resistive means connecting the input terminal to said 
one current carrying electrode; 

capacitive delay vcircuit means connected to said 
third terminal; 

and output‘ circuit means connecting the output ter 
minal to said second power input terminal, said 
switch providing a switched output at said output 
terminal. 

* * * * * 


