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SINGLE CHAMBER IONIZATION SMOKE DETECTOR 
This invention relates to an ionization smoke detector 

which utilizes a chamber including a radioactive source and 
wherein the saturation current ?owing through the chamber is 
reduced by the presence of smoke. 

Prior known smoke detectors have utilized two ionization 
chambers each including a radioactive source. One of the 
chambers are sealed while the other chamber was open for the 
admission of smoke. The presence of smoke was indicated by 
the different effective impedances of the chambers when 
smoke was present in one of the chambers. With prior known 
detectors, however, the closed ionization chamber served ef 
fectively as a high resistance with the result that the structure 
was not only complicated but also materially increased the 
cost. . 

One object of the invention resides in the provision of a 
novel and improved ionization chamber which overcomes the 
dif?culties heretofore encountered with prior devices and util 
izes a single open chamber for the detection of smoke. Ac 
cording to the invention a ?eld effect transistor is utilized with 
the source-drain path being connected across the terminals of 
a power supply. A single open ionization chamber including a 
radioactive source is connected between the gate electrode 
and one terminal of the power supply and the leakage re 
sistance between the gate and drain electrodes is used as a 
high resistance path. 
The above and other objects of the invention will become 

more apparent from the following description and accom 
panying drawings forming part of this application. 

In the drawings: 
FIG. 1 is a circuit diagram of a conventional ionization de 

tector using a closed chamber and an open chamber; 
FIG. 2 is a circuit diagram of a smoke detector in ac 

cordance with one embodiment of the invention; 
FIG. 3 is a graph showing the operation of the detector of 

FIG. 2; and 
HO. 4 is a circuit diagram of another embodiment of the 

smoke detector in accordance with the invention. 
In the description like reference numerals have been util 

ized to identify corresponding components of the several 
?gures. ' 

Referring ?rst to F IG. 1, a typical known ionization detector 
utilizes a closed ionization chamber 4 having a radioactive 
source 2 and an open ionization chamber 8 having a radioac 
tive source 6. The two ionization chambers are connected in 
series between a conductor 10 attached to the positive ter 
minal of the power supply and a conductor 12 attached to the 
negative terminal of the power supply. A field effect transistor 
14 which has a high input impedance was connected across 
the power supply with the drain being connected to the con 
ductor l0 and the source being connected through a load re 
sistor 20 to the conductor 12. The gate 22 was connected to 
the junction 24 of the ionization chambers 4 and 8. 

In the operation of the device when smoke entered the 
ionization chamber 8, its impedance increased and the voltage 
at the junction 24 changed with respect to the voltage on line 
12. This change was applied to the gate electrode 22 and am 
pli?ed by the transistor. The amplified output signal appeared 
at the output terminal 24' connected to the source electrode 
18. To provide a closed ionization chamber such as the 
chamber 4 not only required an additional radioactive source 
2 but also caused the structure to be more complicated and 
expensive. This invention as illustrated in FIG. 2 utilizes a sin 
gle open ionization chamber 8 and utilizes the leakage im 
pedance represented by the resistor 26 shown in broken lines 
between the gate and drain electrodes in place of the ioniza 
tion chamber 4. 
With the structure as shown in FIG. 2, the current ?owing 

through the leakage impedance 26 decreases with an increase 
in the voltage VG at the gate electrode 22 as shown by the 
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broken line A in FIG. 3. In actual tests using a conventional 
junction type ?eld effect transistor as the transistor 14, the 
leakage current only varied gradually with a change in the 
voltage VG as shown by curve B in FIG. 3. 
The saturation current, however, ?owing through the 

ionization chamber 8 varied linearly and approximately pro 
portionally to the gate voltage VG within the range of a low ap 
plied voltage. The saturation current is relatively large and is 
illustrated by the line C of FIG. 3 in the absence of smoke. In 
the presence of smoke the current through chamber 8 is 
represented by the line D of FIG. 3. 
Under normal conditions when smoke does not exist, the 

current flowing through the leakage resistance 26 also ?ows 
through the ionization chamber 8, and the gate voltage V6 is 
V0,. When smoke enters the ionization chamber 8, the satura 
tion current ?owing through the chamber decreases so that 
the gate voltage of transistor 14 increases to V62. The voltage 
change VG2-VG, at the gate electrode caused by presence of 
smoke is ampli?ed by the transistor, and an output signal ap 
pears at the terminal 24’. This output signal may be utilized to 
drive a silicon-controlled recti?er or other device for the 
operation of a suitable alarm device or other indicator. With 
the ionization detector as described above it is evident that 
only one open ionization chamber is required so that only one 
radioactive source is needed, and the structure is substantially 
simpli?ed. 
A modified embodiment is illustrated in FIG. 4 and employs 

means for control of the sensitivity and also facilitates testing 
operations. Speci?cally the electrode 6 of the ionization 
chamber 8 is connected through a conductor 12' to the varia 
ble voltage source such as the potentiometer 28 which is con 
nected between the conductors l0 and 12. ' 

Since the voltage at the electrodes 6 can be changed by ad 
justing the potentiometer 28, the voltage at the gate electrode 
22 of the ?eld effect transistor 14 can be changed regardless 
of the presence or absence of smoke. When the voltage at the 
electrode 6 of the ionization chamber 8 is changed, the same 
effect is obtained as changing the bias voltage on the gate elec 
trode 22 with the result that the sensitivity of the device can be 
controlled. 

If the voltage at the electrode 6 is adjusted to an extreme 
value by the potentiometer 28, the voltage at the gate elec~ 
trode 22 will have a value corresponding to the value ex 
perienced during the presence of smoke. Accordingly it is 
possible to test the operation of the detector without the ac 
tual introduction of smoke. 

While only certain embodiments of the invention have been 
illustrated and described, it is apparent that alterations, 
modi?cations and changes may be made without departing 
from the true scope and spirit thereof as de?ned by the ap 
pended claims. 
What is claimed is: 
1. An ionization smoke detector comprising a ?eld effect 

transistor having the source-drain path connected between 
reference potential points of a power supply and a single open 
type ionization chamber including a radioactive source 
therein connected between the gate electrode of said ?eld ef 
fect transistor and one of said reference potential points, said 
ionization chamber and the gate-drain leakage path forming a 
voltage divider, whereby the leakage impedance existing 
between the gate and drain of said ?eld effect transistor forms 
a substantially constant current high resistance path within a 
selected range of gate voltages. . 

2. An ionization smoke detector according to claim 1, 
characterized in that one terminal of the open-type ionization 
chamber is connected to a variable voltage source to control 
the sensitivity and facilitate testing operations. 

3. An ionization smoke detector according to claim 1 
wherein said ?eld effect transistor is of the junction type. 
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