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(54) Operating circuits for air 
ionizers

(57) Air ionizer has high voltage ion 
flow rate detection means (14) 
connected between the H.V. source 
(10) and the ion emission probes 
(12'), with a low voltage operated 
circuit including sensing means (30) 
non-electrically, e.g. optically, 
coupled to the detection means (14) 
to provide ion flow related indication 
(34) or control. As shown, 
phototransistor (30) senses light 
from neon tube detector (14) and 
provides a signal to an LED indicator 
(34) and a control circuit. The ion 
emission probes (12') may be in a 
Faraday cage (110) having a forced 
air passage through exit grille (114), 
which permits air flow but restricts 
escape of electric field. Switches 
(60', 81') provide for multi-level 
control (64', 84') of probes voltage 
energisation and/or air flow fan 
speed, with corresponding indicator 
means (72', 92').
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The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy.
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SPECIFICATION

Improvements relating to air ionizers

This invention arises in relation to air ionizers, 
and to problems attaching to indicating ion 
flow also convenient control of ionizers.

We are established manufacturers of air ion­
izers, and have long been aware of proposals 
for indicating ion flow by the rate at which a 
neon discharge light device switches on and 
off, see for example British patent specifica­
tions nos. 1305382 and 1589331 where such 
a neon device is connected in parallel with a 
capacitor as a relaxation oscillator supplied 
electrically from a conductor electrically sepa­
rate from but associated with an ionizing 
probe in the electric field established by high 
voltage energisation of such probe. It is, of 
course, not necessary to use such conductors, 
whether as rings or plates, in order to get 
satisfactory operation of air ionizer probes, 
typically at supply voltages of 4.5KV to 7KV, 
but could be substantially higher, say 15KV. 
Moreover, it is possible to connect a neon/ca- 
pacitor relaxation oscillator directly in the high 
voltage feed to the probe in order to get the 
aforementioned rate of neon flashing propor­
tional to ion flow. However, neon flashing is 
not always particularly easy for the user to 
see clearly, for example in high ambient light 
conditions, and, for direct connection, there is 
danger of leakage to ground and shock when 
placed in a normal viewing position, e.g. on a 
control panel. Thus, we have, hitherto, not 
ourselves used such flashing neon indicators, 
despite recognising the usefulness of their in­
tended function.

We have, in fact, considered alternatives to 
such neon flashing, in particular using relaxa­
tion oscillators employing unijunction transis­
tors or break-over diodes and, in series there­
with, non-discharge type light devices such as 
light emitting diodes (LEDs), even perhaps 
electroluminescent panel devices. Also, how­
ever, we have considered non-flashing alterna­
tives relying on intensity or brightness of light, 
for example simply using gas discharge or 
electroluminescent devices directly in the 
probe feed line, i.e. without a parallel capaci­
tor to give relaxation oscillator operation. 
Whilst all of these alternatives appear capable 
of operation in direct connections to air ionizer 
probes, or relative to electrically separate con­
ductors associated with the probes as in the 
above-noted prior patent specifications, they 
still suffer the same disadvantages as prior 
neon flashing in being limited as to their type, 
mode and brightness of indication and isola- 
tion/safety of operation by reference to their 
context of operation, which, whilst a particu­
larly simple and elegant solution to obtaining 
indication of operation of a high voltage activ­
ity at a high potential is inherently at odds 
with voltage requirements of modern solid­

70

75

80

85

90

95

100

105

110

115

120

125

130

state semiconductor devices.
In seeking to provide an alternative to such 

indicators, this invention proposes that actual 
indicator means, i.e. as viewed or intended to 
be viewed by the user, be provided electrically 
separate from detection means (that can take 
the form of the aforementioned neon etc. 
flashing and/or alternatives, or other suitable 
forms), so that the actual indicator means can 
be of low voltage type and/or of other type 
but with isolation from the high voltage feed 
to the probe(s), in any event, with character­
istics decided solely in relation to the needs 
of the user, say as conventional LEDs, lamps, 
bargraphs, meters, digital displays, etc, such 
indicator means being in circuitry including 
sensing means responsive to the state of the 
detection means, for example using electro­
optic or opto-electric means. It is further pre­
ferred for such indicator means to be operable 
only on demand.

According to one aspect this invention pro­
poses an air ionizer for which a probe has 
detection means responsive according to ion 
flow, and normally operable either directly at 
high voltage levels and/or high impedance 
levels associated with the probe's electrical 
supply or a voltage level related thereto and 
still higher than normal semiconductor operat­
ing voltages and/or impedances, indicator 
means in circuitry operative at lesser voltage 
levels and/or impedances, normally the relative 
low voltage/impedance levels appropriate to 
low-cost semiconductor devices, and sensing 
means by which the latter circuitry is provided 
with signals related to the state or condition 
of the detection means.

Using detection means comprising a neon or 
other discharge device/capacitor relaxation os­
cillator, which has the notable advantage of 
virtually zero leakage between firings of the 
neon discharge device, conveniently with such 
oscillator directly in the probe feed line, the 
sensing means can be a photoelectric device, 
such as a phototransistor, at the input side of 
a suitable amplifier, say of two stage emitter 
follower type, having the indication means in 
its output side and all conveniently connected 
across a low voltage supply whether entirely 
separate from the probe supply or derived 
therefrom. However, such sensing and detec­
tion means are considered applicable to the 
alternatives mentioned above.

Development of such indicator system using 
sensing means to introduce a level of indica­
tion by way of producing a low voltage sense 
signal leads us to another aspect of this in­
vention in terms of further or alternatively pro­
viding that such output be used for control 
purposes, i.e. rather than or additionally to the 
above safe and reliable indication system. 
That can be achieved in a loop so as to pro­
vide improved control of energisation of the 
probe(s), preferably in relation to achieving 
more consistent ion flow. A suitable control
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loop comprises sensing means operative to 
produce a low voltage level signal from detec­
tion means for ion flow, say as above con­
nected directly into the high voltage feed to 

5 the probe(s) and usually of analogue rather 
than pulsing type (though integration could be 
used for or from the latter), and a comparator 
responsive to such sense signal and a refer­
ence signal, preferably variable within a de- 

10 sired range, for producing an output to which 
low voltage-operated control circuitry is opera­
tive, such as triac circuitry controlling input to 
the high voltage source. This proposal consti­
tutes a second aspect of this invention.

15 Our development work for a new model of 
ionizer has led, as with the above-mentioned 
control aspect, to other features that are both 
advantageous in conjunction with improved 
provision for visual indication of ion flow and 

20 with merit in themselves.
One such provision against the tendency for 

deposition of dirt on adjacent surfaces due to 
external electrical field effects of ionizer oper­
ation, which provision subsists in a Faraday 

25 cage about the ionizer emission electrode(s), 
preferably with the action across the actual 
ion emission exit as attainable by a conducting 
grille, such as a metal, coated-metal or metal- 
coated grille, affording little resistance to 

30 forced air flow carrying out emitted ions but 
effective reduction if not virtual elimination of 
electric field escape/extension beyond such 
grilled exit. Such provision has a relation to 
ion flow indication as false readings are pos- 

35 sible when air flow forcing ceases but are 
substantially avoided if the ionising voltage 
supply is cut off when forced flow ceases.

Another feature concerns improved flexibility 
of operation of air ionizers, is provision of two 

40 or more, conveniently four, selectable levels of 
probe energisation are provided, preferably 
with two or more, conveniently four, selecta­
ble rates of air flow through the ionizer, fur­
ther preferably with indication means for the 

45 or each selected level or rate. Simple resistive 
branches can be used for probe voltage level 
setting and fan speed control.

Then, the same air ionizer can be used for 
purposes as diverse as personally, say at the 

50 bedside, and for multiple occupation offices 
and with low ionization/low air flow through 
all variations of either to high ionization/high 
air flow.

A further such feature arises particularly 
55 from provision for use of a high power fan, 

for example a high velocity tangential fan, 
when its speed control is found advantage­
ously to be via selectable resistances in live 
line feed branches.

60 Specific implementation of this invention will
now be described, by way of example, with
reference to the accompanying drawings, in
which:

Figure 1 is an electric circuit diagram show-
65 ing ion flow indication;
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Figures 2A-2D show alternative ion flow 
detection;

Figure 3 is an electric circuit diagram show­
ing variable energisation/air flow and related 
indication;

Figure 4 shows an ion-flow control loop; 
and

Figure 5 is a further ionizer diagram.
In the drawings, referring first to Fig. 1, an 

air ionizer is shown with a high voltage source 
10 supplying a probe feed line 12 via a paral­
lel connection of a neon discharge device 14 
and a capacitor 16 operating as a relaxation 
oscillator producing neon flashing at a rate de­
pendent on ion flow from the probe or 
probes.

In practice, for an alternating mains voltage 
supply above 200 volts, the high voltage 
source 10 can be a voltage multiplier stack 
capable of producing a d.c. output voltage of 
between about 4.5 K-volts and 7 K-volts, 
when the stack may be supplied from a mains 
output 20 via a fuse 22 and switch 24 in the 
live line, see Fig. 3.

Electrically isolated from the neon device 
14, but in suitable proximity for desired opti­
cal coupling, is an optical sensor shown as a 
phototransistor 30 at the input of a two-stage 
emitter follower transistor amplifier 32A, 32B 
driving an LED 34, the circuitry 30 to 34 be­
ing shown in Fig. 1 supplied by a low voltage 
source 36, which can conveniently be ob­
tained by a voltage dropping over a resistor 
40 from a mains live line L through a diode 
42 and from between that diode 42 and a 
blocking/smoothing capacitor 44 connected to 
the mains neutral line N, see Fig. 3. An asso­
ciated switch 38 assures that ion flow indica­
tion is selectively available, say by pressing a 
push-button.

Fig. 3 further shows an indicator 50 for 
general on/off purposes, specifically an LED 
fed via a resistor 52 from low voltage derived 
at the junction of diode 42 and capacitor 44. 
It is preferred that the indicators 34 and 50 
be of different colours, say red for mains 
on/off (50) and green for ion flow (34). A 
stablising resistor 54 is also shown in Fig. 3 
from the amplifier input to the neutral supply 
line.

It will be appreciated that the phototransis­
tor 30 could be replaced by any other suitable 
opto-electric device, such as a photodiode, 
that the amplifier 32 could be of other type, 
such as using an operational amplifier, and 
that the LED 34 could be any other suitable 
indicator means, such as an incandescent 
lamp, etc. Moreover, the essentially pulsed in­
put to the circuitry sensing device 30 and am­
plifier 32 could be converted to analogue 
form, for example using an integrator, and 
used to drive an analogue indication device, 
such as a moving coil meter, bargraph, liquid 
crystal display etc.

It will also be appreciated that discharge de-
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vices other than neon type can be used. Also, 
the operating voltage level could be higher 
than 7KV.

Pulsing alternatives to the neon or other dis­
charge device/capacitor relaxation oscillator 
are shown in Figs. 2A and 2B, also as relaxa­
tion oscillators using capacitors (C), but with a 
unijunction transistor 18A and resistor (Fig. 
2A), or a break-over diode 18B (Fig. 2B) such 
as a tunnel diode or diac, in series with a light 
emitter device, such as an LED. Each can re­
place the neon-capacitor relaxation oscillator 
14/16 of Fig. 1, though greater care may be 
required to assure oscillation in view of leak­
age currents through unijunction transistors 
and breakover diodes.

Non-pulsing alternatives to the neon/capaci- 
tor relaxation oscillator 14/16 are shown in 
Figs. 20 and 2B both for analogue detection 
of ion flow, and using a neon discharge de­
vice 18C or electroluminescent device 18D in 
the probe feed line 12 arranged so as to have 
a brightness corresponding to ion flow. Unless 
translation to pulse or digital format is used, 
such inherently analogue detection means and 
signal will be used to drive an analogue dis­
play.

Referring further to Fig. 3, it will be noted 
that the high voltage source 10 is shown with 
an effectively variable supply voltage, actually 
in a step-wise manner. Thus a five position 
switch 60 is shown for selecting between OFF 
and four effective supply voltage levels via 
branches 62A-62D from the mains neutral 
line N, branches 62A-62C having resistors 
64A-64C therein and branch 62D having no 
resistor. With resistors 64A-64C of suitable 
progressively smaller values, the switch 60 
can go from OFF through progressively larger 
effective voltage differences for the voltage 
multiplier 70, say for the latters output to 
range from 4.5KV to 7KV (or between other 
operating levels as mentioned above) via two 
desired intermediate levels. Ganged switching 
is indicated at 20 for branches 71A-71D from 
the neutral line N for voltage levels indicator 
devices 72A-72D. The latter are shown as 
gas discharge devices with related resistors 
73 and diodes 74 for their desired action 
from the mains live line via a diode 75 in 
branch 76.

Also, Fig. 3 shows a fan 80 for inducing air 
flow through the air ionizer with switch 81 
also operative relative to neutral line branches 
82A-82D and resistors 84A-84C in essen­
tially like manner as the voltage level switch 
60, but here to control fan speed and thus air 
flow rate in a variable, actually step-wise and 
four-level, manner. Again, similar ganged 
switching 90 and rate indicator devices 92 are 
shown, i.e. as for the indicators 72 of switch­
ing 70.

It will readily be appreciated that low vol­
tage indicators could be used for 72 and 92,
say with appropriate supply from a low vol­
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tage source, for example additional to the 
afore-described ion-flow sensing, of Fig. 3, 
but still from the mains supply.

Turning to Fig. 4, a suitable detection de­
vice in the probe feedline 12 is shown as a 
neon discharge device 14A further shown an 
optical coupling with a suitable sensing device, 
shown as a phototransistor 30A, to produce a 
low-voltage proportionate signal as input to an 
operational amplifier 94 configured as a com­
parator also receiving a range variable refer­
ence signal level, see 96, and affording an 
output controlling circuitry 98, which can be 
of triac type, for controlling mains input to the 
high voltage source 10 so as to control actual 
voltage of probe energisation in order to main­
tain a demanded level of ion flow correspond­
ing to the setting of the comparator.

In the embodiment of Fig. 5, fan speed re­
sistors 84' are shown in series, which we find 
advantageous at least in relation to using a 
higher power fan, for example a high velocity 
tangential fan unit. It is further convenient to 
have such resistors made available via the fan 
speed control switch 81' effectively via live 
line branches from feed 76' also going via a 
diode 102 to be ganged switch 90' and rate 
indicator devices 92'.

Another feature found advantageous in rela­
tion to the Fig. 5 embodiment is to use ion 
emission needles 12' in a Faraday cage 110, 
conveniently of earthed metal construction and 
serving to eliminate external electrical field ef­
fects and thus deposition of dirt on adjacent 
surfaces. A suitable Faraday cage comprises a 
conducting outer tube 112, such as a sheet 
metal, coated-metal or metal-coated tube, 
which can be of rectangular section, with the 
fan 80 blowing into it from behind and its 
front-exit having a conductive grille 114, such 
as a metal, metal-coated or coated-metal 
grille, as part of the Faraday cage system to 
at least reduce front escape of the electric 
field, i.e. limit output to ions when the fan is 
operative. The front grille should obviously not 
significantly resists fan-driven air-flow, but 
should restrict field escape. A metal lath type 
grille is suitable, say using thin laths having a 
width or depth into the Faraday cage sufficient 
at their spacing to restrict field escape. In one 
specific embodiment an outer rectangular tube, 
say of sheet aluminium, measures about 60 
mm X 200 mm, serves a two-electrode sys­
tem spaced at 90 mm, and has a seven-lath 
grille each lath extending about 6 mm into the 
cage. This grilled Faraday cage feature is be­
lieved to have merit in itself.

As ion current flow can occur from the 
emission electrodes or needles to inside sur­
faces of the Faraday cage even when the fan 
is switched off, false indication of ion output 
conditions is avoided by assuring that the vol­
tage multiplier stack supply is off except when 
the fan is on, and thus that the ion output and 
monitor indicators cannot have positive signals
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when ions are not being driven out through 
the grille. That is achieved by taking the stack 
live side via the fan speed switch 81' and 
over selectable energisation (stack voltage) 
control resistor arms 64' of switch 60', such 
resistors generally having much higher values 
than those 84' controlling fan speed and form­
ing a voltage divider with resistor 108.

In order for ion output indicator lamps to be 
correspondingly operative, they are shown 
powered from switch 90' via diodes 104 and 
line 106 to the switch 70'.

CLAIMS
1. Air ionizer comprising electrically oper­

ated detection means responsive according to 
ion flow, electronic means operative only at 
lower voltage than the detection means but 
required so operative according to ion flow, 
and sensing means responsive to said detec­
tion means to provide signals to said opera­
tive means representative of ion flow.

2. Air ionizer according to claim 1, wherein 
said operative means serves for ionizer con­
trol.

3. Air ionizer according to claim 1 or claim 
2, wherein said operative means serves or 
also serves as ion flow indicator means.

4. Air ionizer according to claim 3, wherein 
said indicator means produces a visual indica­
tion at normal semiconductor operating vol­
tages.

5. Air ionizer according to any preceding 
claim, wherein the detection means is serially 
between high voltage probe drive source and 
ion emitting probe itself.

6. Air ionizer according to claim 5, wherein 
the detection means comprises an electric dis­
charge device.

7. Air ionizer according to claim 6, wherein 
the detecting means comprises a neon lamp.

8. Air ionizer according to any preceding 
claim wherein the detection means produces 
light and the sensing means comprises a 
photoelectric device in circuitry for energising 
said operative means.

9. Air ionizer according to any preceding 
claim, comprising a Faraday shield extending 
about ion emission probe(s) past which and 
within the shield a forced air flow can be 
passed in operation, the shield having an air 
flow exit grille permitting said air flow but ob­
structive of electrical field extension there­
through.

10. Air ionizer according to claim 9, 
wherein said shield is tubular and said grille 
has spaced slats.

11. Air ionizer according to any preceding 
claim, comprising means affording two or 
more selectable levels of ion emission probe(s) 
energisation.

12. Air ionizer according to any preceding
claim, comprising means affording two or
more selectable rates of forced air flow past
ion emission probe(s).

13. Air ionizer according to claim 11 or 
claim 12, wherein said means affording com­
prises selectable electrical resistance branches 
in probe voltage level setting circuitry or fan 

70 speed control circuitry.
14. Air ionizer according to claim 13 with 

claim 12, comprising a high speed fan or 
forced air flow and resistance branches of 
said means affording rate control are in elec- 

75 trie live line feed branches for the fan.
15. Air ionizer according to claim 11, 12, 

13 or 14, comprising selection-representative 
indicator means associated with the or each 
said means affording.

80 16. Air ionizer arranged and adapted to
operate substantially as herein described with 
reference to the accompanying drawings.
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