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57 ABSTRACT 

An improved ionization type smoke detector which is 
specifically designed to be independent of variations 
in atmospheric pressure and to be highly sensitive to 
smoke. A number of factors are involved in choosing 
optimum design parameters for an ionization smoke 
detector which has minimum sensitivity to pressure 
and which also has a maximum sensitivity to the 
presence of smoke. Several equations are described 
which aid in the design. 

2 Claims, 6 Drawing Figures 
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IONIZATION SMOKE DETECTOR 
BACKGROUND AND SUMMARY OF THE 

INVENTION 
The present invention is directed to an improved ion 

ization type products-of-combustion, or smoke detec 
tor in which the baseline current is essentially indepen 
dent of variations in atmospheric pressure near one at 
mosphere (760 mm Hg) that is, over the pressure range 
of about 600-800mm Hg. The ionization type smoke 
detector consists of a radioactive ionization source, 
electrodes across which a voltage is applied and ioniza 
tion current flows and electronic circuitry for measur 
ing the current flow between the electrodes. 

BRIEF DESCRIPTION OF THE DRAWING 
FIG. 1 is a diagrammatic representation and partial 

cross-section of an embodiment of an ionization smoke 
detector of the type described. 
FIG. 2 is a graphic example of change in current for 

a change in pressure of the smoke detector with voltage 
as a parameter. 
FIG. 3 is a graphic display of change in current for 

change in ion mobility at fixed voltage. 
FIGS. 4 and 5 are a graphic display of the Detector 

Sensitivity to Mobility change as a function of I/I. 
FIG. 6 is a diagrammatic representation of an em 

bodiment having a parallel plate geometry evolved 
from one solution of the mathematical relationships ex 
plained below. 

DETALED DESCRIPTION 
lonization type smoke detectors, in general, operate 

on the following principles: Primary particles (high en 
ergy electrons called 6 particles, from Ni for example 
or high energy helium nuclei called a particles, from 
Am for example) are randomly emitted from a radio 
active source. These, in turn, collide with air molecules 
and other vapors with sufficient energy to ionize them 
forming positive and negative ion pairs. Each primary 
particle ionizes a large number of air molecules in its 
path. This number for air at ordinary pressure is given 
to a sufficient degree of accuracy by N is E/30, where 
E is the source energy in electron volts. For example, 
g particles from Ni have an average energy of about 
18,000 electron volts. For this energy, 
N = (18 x 10')/30 as 600 ion pairs/emitter particle. 
The number of primary particles emitted per second 

from a source is called its activity measured in curies, 
One millicurie (mC) of Ni produces 3.7 x 10" 
primaries per second. Therefore, 1 mC of Niyields 
600 (ion pairs/primary) X 3.7 x 10" (Prim./Sec.) = 
22 X 10 (ion prs/sec.) 

This number is the so called generation rate of cur 
rent in an ionization cell. If these ions are collected at 
the electrodes at the same rate as they are generated, 
the current in our Ni example 

I, = 22 X 10 (ions prs/sec.) x 1.6 x 10 
(coulombs/ion) = 35.2 X 10 or 3520 picoamps, 

I, is the saturation current that occurs when the volt 
age on the cell is raised high enough to collect all the 
ions produced. The curves of FIG. 3 show current plot 
ted against voltage and the saturation current is clearly 
apparent from the curves as voltage increases. We have 
found the radioactive intensity needed for pressure in 
dependence in this invention, whether it be generated 
by an alpha or a beta source, is one capable of produc 
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2 
ing a rate of ion pair production equivalent to a satura 
tion current in the range of about 450 to about 650 pi 
coamperes. 

PRESSURE INDEPENDENCE 

As the air pressure in the cell is increased, the num 
ber of ion pairs N generated per primary particle in 
creases, since more air molecules are struck and ion 
ized by each primary before it strikes the cell wall and 
expends the rest of its energy there. I, increases with 
pressure until a pressure is attained which dissipates es 
sentially all the energy of the primary particles where 
upon further increases in I, with P do not occur. This 
condition that I, increases with pressure in the desired 
pressure operating range (s.700 mm Hg) cooperates 
with another condition to achieve pressure indepen 
dence of the measured operating current. The curves 
of FIG. 2 show this increase of current with increase in 
air pressure. 
A first optimizing feature of this invention is that the 

cell is normally operated at a current level (I) below 
the saturation level (I). Under this condition of opera 
tion, only a fraction of the ion pairs generated are col 
lected. The remainder simply recombine to form neu 
tral molecules again. It may be said that in the steady 
state, the total number generated per second equals the 
number collected per second plus the number combin 
ing per second. The recombination rate depends 
among other things on a characteristic of the ion called 
its "mobility" which is a measure of the speed that the 
ion moves in the electric field. The mobility is different 
for different vapors, as is shown in FIG. 3, and so the 
rate at which ions recombine differs for different va 
pors. The mobility is also pressure dependent, that is, 
the higher the pressure the lower the effective mobility, 
and since this means larger recombination the col 
lected current is smaller. Thus higher pressures tend to 
give smaller currents because of the mobility decrease, 
while higher pressures tend to give larger currents be 
cause of the saturation current increase. These two op 
posing effects are adjusted to be equal and opposite 
such that pressure changes no longer affect the current, 
by choosing the proper geometry and operating cur 
rent. The proper, operating current I to accomplish this 
is given by an equation, 

I = 1, - (P/2) (d1,dP) P. 
(1) 

where 
I. F saturation current 
(d/dp) P change in saturation current with 
change in pressure 

P = desired operating pressure (about 700 mm Hg). 
It is desirable, of course, to use cell dimensions, satu 

ration current I, and operating current I given by 
Equation 1 to get pressure independence and at the 
same time obtain a very sensitive response to smoke. In 
other words, the relative sensitivity (AI/I), that is, the 
ratio of the change in current (called AI) when smoke 
is present to the static operating current I should be 
high. A further feature of the optimization work is that 
we have found an additional mathematical relation 
which specifies the cell dimensions so that operating 
the cell at current I given by Equation 1 will also pro 
vide the maximum AI/I for optimum sensitivity. This 
latter equation is somewhat involved since the geome 
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try factor occurs implicitly. However, graphical solu 
tions show it is possible to select the factor for any de 
sired AL/I value, and any specified operating voltage V. 
The attainment of an optimized set of parameters for 

ionization cells by purely empirical methods is difficult 
because of the large number of complex physical pro 
cesses involved in any ionization phenomena. We have 
approached optimizing the parameters by quantitative 
methods, ascertaining at each step that the theoretical 
results and predictions agree with experimental mea 
surements. The first step is the determination of the im 
portance of space charge effects on the predicted volt 
age-current relationship for a variety of simple geome 
tries. We determined that space charge is relevant only 
in scaling the particular geometry used. We thus de 
rived a relation that depended on recombination and 
generation rates that was shown to predict vs. V once 
a geometry was specified. This result is given by Equa 
tion 2. 

I = AVu ( V(2 1/AVu) + 1 - 1 ) 
(2) 

where 
A = geometry factor 
Examples of A for parallel plate geometry and con 

centric cylinders are given below. 
A = qlw/2kd parallel 
A = (16 at q)/(k (R - R ) l n (RJR) ) * 
concentric cylinders 

q = electron charge 
k = recombination coefficient 
d = interelectrode spacing 
l= length 
w = width 
R = outer radius 
R = inner radius 
= average mobility 

I = saturation current 
V = applied voltage 

SENSTIVITY 

We can use Equation 2 to determine sensitivity of a 
detector as a function of choice of parameters. We can 
define sensitivity to be either total or fractional change 
in current for a change in ion mobility, i.e., AI or AIII 
for a given Au/u. This change in I is illustrated in FIG. 
3 which shows V-1 curves for ions of two different 
mobilities. 
To determine AI for a change in ion mobility, we dif 

ferentiate Equation 2 with respect to pu. 

a 2I. . . 2 I.F A2 V2 - A.V2 v Ava 
AI = 

2I 
"VAval 

Equation 3 

Consider if V is eliminated between Equations 2 and 
3, the sensitivity is expressible as a function of I, and I. 
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4. 

A = 2 (I/I) - 1/2(III) - 1 (A/u.) 
(4) 

AI/I = 2 (I/I) - 1/2(I/I) - 1 (Au/u.) 
(5) 

it is observed that the current I in Equation 2 is a 
function of various parameters; functionally we can 
write I = f(A, u(P), (P), V), where 
P = operating pressure 
V-F operating voltage, and 
A = Geometry factor. 
Three of these parameters may be adjusted arbi 

trarily within a restricted range (such as Is, I and A) to 
satisfy any reasonably conditions we wish to impose. 
We therefore specify 

a. Pressure Independence or (dE/dP) W = 0 
b. Sensitivity value or (AIFI) V = S. 
c. An operating voltage V F V. 
Condition (a) requires that 

I = I - A P. (di?dP) P. 
(1) 

Condition (b) requires that I be selected such that 
S = 2 (1 -/2 -I) (Auo/pu) 

(6) 

where (Aplo/pu) is the fractional mobility and/or vol 
ume or surface recombination change when a specified 
smoke level is admitted to the cell. 
Condition (c) specifies a value for A, the field geome 

try factor. 
Equations (1), (2) and (6) provide a consistent set of 

three equations which can be satisfied simultaneously 
by values of the three adjustable parameters A, I and I, 
so that a high sensitivity consistent with pressure inde 
pendence is achieved in any chosen design. These 
equations have solutions over certain physically realiz 
able value ranges of the parameters. If the equations 
cannot be solved for the values as shown, then one of 
the specified items of sensitivity or operating voltage 
must be modified and the equations solved again. This 
leads to a restricted range of acceptable values for the 
parameters of sensitivity, operating voltage, saturation 
current, operating current and geometry. 

In constructing a sensor according to the invention, 
the geometry may take the form of concentric cylin 
ders, parallel plates, or other suitable geometry. For 
purposes of illustration, one successful embodiment of 
the invention is described in which a parallel plate ge 
ometry is used such as shown in FIG. 6. As indicated 
above, we may specify pressure independence, we may 
specify an arbitrary value of sensitivity such as S =25 
percent, and we may specify an arbitrary operating 
voltage such as V = 5 volts. Solving equations 1, 2 and 
6 provide numbers of I, I and A which satisfy the equa 
tions described for desired sensitivity and pressure in 
dependence and in which I = 550 pa. and I = 300 pa. 
for the saturation current and operating current respec 
tively, and the dimensions of the rectangular parallel 
plates interelectrode spacing, and amount of radioac 
tive material as shown in FIG. 6 satisfy the geometry 
factor to provide pressure insensitivity without sacrific 
ing values of sensitivity and operating voltage. 
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The embodiments of the invention in which an exclu 
sive property or right is claimed are defined as follows: 

1. A single chamber pressure independent ionization 
type device for detecting products-of-combustion, the 
device being of the type where a unidirectional inter 
electrode current flows between a pair of electrodes 
and the occurrence of products-of-combustion causes 
a current change I, the improved device comprising: 
a pair of electrodes having a geometrical factor A, 
which geometrical factor includes electrode spac 
ing and electrode size, 

a radioactive source having a radioactive intensity 
capable of producing a rate of ion pair production 
equivalent to a saturation current I, of about 450 
to about 650 picoamperes, 

voltage supply means providing an interelectrode op 
erating current I of about 200 to about 500 pico 
amperes, at an operating voltage V and 

said geometry factor A, saturation current I, operat 
ing current I, operating voltage V, and operating 
pressure P being interrelated according to the rela 
tions 

1. I = I, -(P/2) (d/dp) P. 
2. I = AVu V(2IJAVu?) --1-1 
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6 
3. S=2 (I - 1/21 - 1) (Auoluo) 
thereby causing said operating current to be essen 

tially independent to variations in pressure. 
2. A method for designing a pressure independent 

ionization type products-of-combustion sensing device 
which, in addition to allowing the specifying of pressure 
independence, concurrently allows the specifying of 
arbitrary values of sensitivity and of operating voltage 
within a restricted range, the method comprising the 
steps of 
a specifying (1) pressure independence, (2) an arbi 
trary value of sensitivity, (3) and an arbitrary oper 
ating voltage; 

b. substituting the specified values into the three si 
multaneous equations 

1. I = I, - P/2 (d. 1dP) P. 
2. I = AV2 u. V(21/AV u) --1-1 ) 
3. So =2 (Is -1/2I 1) (Auo ?lo) 
c. Solving the above three simultaneous equations to 
derive values of saturation current I, operating 
current I and geometry A, 

d. utilizing the derived values and the specified oper 
ating voltage in the design of the device. 

c sk :k sk k 
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Column 2, line 47, cancel "I = I - (P/2) (dI/dP)P" and 
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Substitute -- I = s (i) - - - 
2 dP Fo 

O Column 2, line 53, cancel. " (dI/dP)P" and substitute 

-- / dt or 
S (). O 

O Column 4, line l, cancel "AI = 2II (I/I) l/2 (I/I) - Ill 
l 

All - 2: ... - (4) 2 

(Au/u)" and substitute s S --AI 

C) 

r 

s S 
Column 4, line 5, cancel "AI/I = 2 I (I/I) n l/2 (I/I) - 1 

(Au/u)" and substitute s - 1 
--- 

I All -- . 
- -AT = 2 -- ! O I :-( ) 

I : 

I Column 4, line 22, cancel. "I = s T 1/2P(dI/dP)P" and 

substitute --I = I - IP dis - - - 

  



Page 2 of 3 
UNITED STATES PATENT OFFICE 

CERTIFICATE OF CORRECTION 
Patent No. 3,735,138 Dated May 22, 1973 

Inventor(s) Gerald D. Rork, Alfred S. Schlachter, Frank N. Simon 
and Robert A. Stryk 
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Column 5, penultimate line, cancel. "I 's (P/2) (di/dP)P 
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