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Sources

Smoke detector ionisation chamber type DSCB1C

General Description

The DSCBIC (fig 1) is a small, compact and robust
dual ionisation chamber of advanced design
containing a single radioisotope source producing
ionisation in both chambers. The chamber has a
unique internal geometry, which allows the detector
chip to be positioned beneath the chamber within a
recess in the moulded plastic base. Pin15 of the chip
can be connected directly to the collector electrode
inside the protective RF shield of the cover. This
isolates the highly sensitive connection between the
collector electrode and pin 15 from other parts of
the detection circuitry and it provides a high degree
of immunity from external electrical interference.

The external design features and dimensions of the
DSCBI1C can be seen in figures 2 and 3. The
electrodes and source holder are made of AISI 316
stainless steel. The plastic insulator material is
specially chosen for its exceptional mechanical
stability and resistance to moisture and oxidising
chemicals in the air. The units are supplied
assembled and ready to mount on a suitable printed
circuit board using the pre-tinned tags provided.

Details of the sealed source design can be found in
the data sheets 'Americium-241 alpha foil and
sources' ® and 'Safety and Packaging' ©®. Both of
these are available on request. In accordance with
OECD requirements © the source activity is less
than 37kBq (1uCi) ?*Am. The Recommended
Working Life of the source is 10 years. The
BS/ISO/ANSI rating of the ionisation chamber is
C64646.

The design, manufacture and testing of the
DSCB1C is managed within the scope of AEA
Technology's Quality System which is certified by
Lloyds Register Quality Assurance for compliance
with BS EN 1S09001:1994 ®

AEA Technology expertise in the design and
construction of ion chambers is well established and
wide-ranging. A consultancy service is available to
assist in the design of systems using ion chambers
and in the provision of testing and computational
modelling services to measure and model the
performance of customers' own designs.

The internal design of the DSCBIC is shown
schematically in figure 4. This figure highlights the

compact internal design features and the location of
the ion cloud within the chamber.
Figl, DSCB1C
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Fig 3, Bottom view
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A. Collector electrode
B. Cover Electrode
C. Source Electrode
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Fig4, DSCBIC -internal design
3 Fig 6b DSCB1C smoky paraffin sensitivity
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The design is compatible with commercially

available integrated circuits. A recommended
detection circuit for use with the DSCB1C can be
found in fig 5.

Fig5 Recommended circuit design for use with
the MC1446 detector chip
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The smoke detection performance of the DSCB1C
chamber has been measured using a variety of
different types of smoke. Sensitivity to smouldering
paper, smoky paraffin and smouldering wick can be
found in figures 6a, 6b and 6c.

Fig 6a DSCB1C smouldering paper sensitivity
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Fig 6b DSCB1C smouldering wick sensitivity
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The sensitivity of the DSCB1C to humidity is shown
in figure 7.

Fig 7 DSCB1C humidity response at 23°C
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The sensitivity of the DSCB1C to temperature
is shown in figure 8.

Fig 8 DSCB1C Temperature response at 60%RH
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The sensitivity of the DSCB1C to air pressure can
be seen in figure 9

Fig 9 DSCB1C Air pressure Response
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The sensitivity of the DSCB1C to air velocity can be
seen in figure 10.

Fig 10 DSCB1C Air Velocity Response (provisional)
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The air velocity response is highly dependent on the
design of customers' own detector circuits and
detector housing and may vary significantly from the
above diagram.

Regulatory Compliance

AEA Technology sealed foil sources used in the
detectors meet the regulatory requirements of most
national authorities world wide.  Virtually all
ionisation smoke detectors use such sealed sources.

Specifically AEA Technology sources comply with:

- Underwriters Laboratories Inc. Standard UL
217

- European Norm EN 5446® and GB 4715-1993.

- UK National Radiological Protection Board
(NRPB) criteria of acceptability® upon which
UK government legislation relating to smoke
detectors is based.

- Performance criteria of Massachusetts
Radiation Control Program where they have
been registered under model number
AMM.1001H. Registrations are recognised in
the USA as equivalent to NRC registration and
so have nation-wide validity.

Principle of Operation

Basic designs consist of a cover electrode with
louvers to allow smoke to enter and a source
electrode and collector electrode, which are
connected by highly insulating plastic supports as in
figure 11. A radioactive source emits alpha
particles into the chamber, through an aperture in
the collector electrode. Alpha particles passing
through the inner and outer regions produce
positive and negative ions throughout the chamber.
An ion current flows when a typical voltage of 9V is
applied between the cover and the source plate.
The applied voltage can be positive or negative.

Fig 11 Basic lon Chamber Concept
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idealised ion chamber is shown in figure 12. The
diagram shows the effective electrical resistance of
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the inner region (Ri..) in series with the outer
region (R.w).- The collector electrode voltage
(CEV) floats to an intermediate value between 0V
and 9V depending on the chamber design and field
gradients. The CEV is affected by the ion
concentration in the inner and outer region and by
ion recombination. The combined effects
determine the values of Ry, .., and R

Fig 12 Equivalent circuit diagram (highly
simplified)
cover
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The value of the collector electrode voltage (CEV)
is approximated by the following equation:

CEV =V /[1 + Router/Rinner]

At high applied voltage such as ~500V the chamber
saturates and there is no ion recombination. Under
these conditions the ion current reaches a maximum,
determined by the total number of ions in the
chamber.

Commercial chambers tend to be designed with a
large outer region and a small inner region, so most
of the ions are produced in the outer region.
Consequently R, is normally lower than R
under ambient conditions and the ratio R, /Rinner
is therefore normally <1. The CEV of typical
chambers often lies in the range 5-6V.

About half the ions in a typical ion chamber
recombine in clean air. The majority of these
recombine where the voltage gradient and the drift
velocity are especially low. Because of this ions in
the outer region are especially sensitive to
particulate materials in the chamber. They collide
with particle surfaces where they may be
immobilised and recombine. In the presence of
smoke, ions recombine very rapidly, causing the
value of R, /Rinmer t0 increase and the CEV to drop.
Smoke detectors are designed to alarm when the
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CEV drops below a certain threshold value. This is
typically set to be about 4.5V in commercial alarms.

Precautions and Recommendations

The ionisation current is approximately 16pA.
Precautions to preserve the insulation of the input
connection path to the electronics are critical for
correct operation of the device. In particular the
collector electrode and its connections must remain
free from contamination e.g. from solder flux or
manual contact. The lead from the collector
electrode to the detector circuit should preferably
be short and clear of the circuit

board and other components. Direct connection
between pin 15 of the detector chip and the
collector electrode within the recess of the chamber
moulding enables this sensitive connection to
remain isolated from other circuit components

The chamber is shielded from external electric
fields by its outer cover. Suitable shielding should
be provided for the associated circuitry, because of
the necessarily high impedance of the circuit
connected to the chamber collector electrode.

Chambers intended for use at high altitudes may
require adjustment of the tripping level of the
detector circuit for optimum sensitivity.

The collector electrode voltage has minimal
sensitivity to variations in temperature, humidity
and wind velocity as shown in figures 8-10. AEA
Technology can advise on applications in which the
ion chamber may operate outside the ambient
ranges illustrated.

Specification

The general specification and  operating
performance  under ambient environmental
conditions are as follows:

- Temperature 20°C +/-3°C
- Ambient pressure: atmospheric, near sea level,
clean air
- Outer electrode to source electrode potential: 9V
- The CEV is nominally 5.3V-6.5V.
- Special arrangements can be made to supply
batches of chambers in narrow CEV bands, for
example as follows: 5.3-5.6V, 5.61-5.9Vv, 5.91-
6.2V, 6.21-6.5V.
- Change in CEV with smoke (see figures 6a,b and c)
1% obscuration /foot* 0.6V typical
4% obscuration / foot* 2.2V typical
- Insulation leakage <0.5pA.
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- Capacity (collector to outer + source electrode)
6pF

- 2Am activity 30kBq (—~0.8uCi) +/-15%

* obscuration limits specified by UL217 @

Radiological Data

Users of these units in all countries should ensure
that they comply with all relevant regulations on the
control of radioactive materials.

AEA Technology **Am alpha foil products have
been independently assessed and found satisfactory
in the following respects:

- general radiological assessment by the NRPB®,
- NEA 1200°C incineration test by the NRPB®

Copies of the NRPB reports are available on
request.
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