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ULTRAVIOLET LIGHT DETECTOR FOR
LIQUID DISINFECTION UNIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to the utilization
of ultraviolet (UV) light for the disinfection of water and
other liquids, and specifically to the incorporation of a UV
light detection system in a water disinfection unit.

2. Description of the Related Art

It has long been known to disinfect drinking water and
other liquids by exposure to UV light. In fact, the first
devices for doing so (“UV water disinfection units” or,
alternatively, “UV water disinfectors”) were developed in
the early nineteen hundreds. Unfortunately, these early sys-
tems proved to be unreliable, impractical, and expensive,
and were rapidly displaced by more attractive approaches,
such as chlorination. However, UV technology has matured
considerably since then and has become less expensive and
more reliable. Also, health concerns about standard chlorine
disinfection have accelerated the increasing popularity of
UV water disinfection, particularly in Europe. By 1990,
approximately 2000 municipal water treatment plants in
Europe were using UV disinfection systems.

Most modern UV water disinfectors employ a construc-
tion wherein water is disinfected as it flows under a UV
lamp. An exemplary device for cost-efficient, small-scale
use is disclosed in U.S. Pat. No. 5,780,860 to Gadgil et al.
Gadgil et al. teaches a highly effective, practical, and
maintenance-free UV disinfection system, utilizing gravity-
driven liquid delivery and treatment with a UV lamp.

A major concern with use of UV water disinfectors is the
potential risk of output water that is not completely disin-
fected. Particularly in developing countries, many lives are
lost annually due to the consumption of infected drinking
water. Successful disinfection depends upon the intensity of
the UV light, the turbidity and flowrate of the water as it
passes underneath the UV lamp. If the UV light intensity is
too low, the water will not receive enough UV energy for
complete disinfection. Similarly, if the flowrate is too high,
the water will not absorb enough UV energy as it passes
under the lamp. Thus, there must be a balancing of the UV
light intensity and the water flowrate. For a given system, if
the UV light intensity is decreased, then so must be the
flowrate. Conversely, if the flowrate is increased, then so
must be the UV light intensity.

It is beneficial to include safety features in UV water
disinfectors to prevent the delivery of water that is not
successfully disinfected. For example, the system of Gadgil
et al. illustrates the use of a solenoid valve electronically
wired to close automatically and discontinue the flow of
water to the UV lamp region if there is a stoppage of power
to the UV lamp. In other words, the solenoid valve will shut
off the entire system if there is a power outage or if the lamp
bulb fuses. This feature is particularly advantageous for UV
water disinfectors used in developing countries, where
power outages are more frequent.

Another desirable safety feature is the utilization of UV
light sensors to measure and monitor the intensity of the UV
light exposed to the water. For any desired water flowrate,
the UV light intensity received by the water can be readily
determined by using fundamental principles of physics and
mathematics. For successful disinfection, the UV light inten-
sity must be maintained above a minimal level relative to the
turbidity and flowrate. The sensors are provided to notify the
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system whenever the intensity drops dangerously close to
the minimum intensity, which might occur if the power
source to the UV lamp provides a fluctuating load. Typically,
the system is designed to shut off in such a case, by utilizing
some means for stopping the flow of water through the
system, such as a solenoid valve as taught by Gadgil.

The turbidity of the water also affects the required level of
UV light intensity for safe disinfection. For cloudy input
water, a higher UV light intensity is required for complete
disinfection. This is because, in more turbulent flows, the
UV light is absorbed over a shorter distance.

Sensors used in UV water disinfectors are typically
vacuum photodiodes constructed to be sensitive to UV light.
This sensor includes two electrodes separated by a vacuum
chamber, commonly enclosed within a quartz envelope. UV
light striking the light-sensitive material causes electrons to
shoot through the vacuum and generate an electric current
directly proportional to the UV light intensity. The electrons
are accelerated through the vacuum by application of an
electric field between the electrodes. Using well known
methods, this current signal is normally converted to a
voltage output signal to indicate UV light intensity.

Unfortunately, the vacuum photodiode entails several
disadvantages, particularly in the context of UV disinfec-
tion. One disadvantage is that the vacuum chamber and
separated electrodes result in a relatively large size and high
cost. Another disadvantage is that this sensor is relatively
expensive, costing within the range of $50-$100. Another
disadvantage is that the quartz envelope is very delicate and
must be protectively encased, most commonly in epoxy and
metal. This further adds to the cost of the sensor and,
consequently, of the entire UV disinfection system.
Furthermore, the delicateness of the vacuum photodiode
results in a limited lifespan, normally less than five years.
This necessitates frequent replacement and further adds to
the operational costs. Another disadvantage of the vacuum
photodiode is that it is less sensitive to fluctuations in UV
light intensity. This results in relatively imprecise measure-
ments thereof and thus adds to the uncertainty of the entire
disinfection process.

Thus, there is a need for a more optically and mechani-
cally stable, longer lasting, and less expensive method of
sensing the amount of UV light intensity exposed to the
water flowing through a UV water disinfector.

SUMMARY OF THE INVENTION

Accordingly, it is a principle object and advantage of the
present invention to overcome some or all of these limita-
tions and to provide an improved UV light sensor for a UV
liquid disinfector.

In accordance with one aspect of the invention, an ultra-
violet light detector is provided for detecting a level of
ultraviolet light exposed to a liquid flowing within an
ultraviolet liquid disinfection unit. The detector includes a
first photodetector and a second photodetector. The first
photodetector is configured to generate a first electric signal
proportional to a level of a first spectrum of light, including
ultraviolet light. The second photodetector is configured to
generate a second electric signal proportional to a level of a
second spectrum light, substantially including the first spec-
trum except for a range of ultraviolet light. The first and
second electric signal are connected to generate an output
electric signal that is equal to the difference between them,
so that the output electric signal is proportional to a level of
the range of ultraviolet light. In the illustrated embodiment,
the output electric current is converted to a voltage and/or
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used to control various elements within the disinfection unit,
such as an alarm and/or a solenoid valve configured to shut
off the system.

In accordance with another aspect of the invention, a
method is provided for detecting the amount of ultraviolet
light in an ultraviolet liquid disinfection unit. According to
this method, a first photo-induced electric current is gener-
ated. This current is proportional to the amount of a first
spectrum of light exposed to liquid within the unit, including
a range of ultraviolet light. A second photo-induced electric
current is also generated. This current is proportional to the
amount of a second spectrum of light exposed to the liquid.
The first and second photo-induced electric currents are
connected together to generate an output electric current
proportional to the amount of the range of ultraviolet light
exposed to the liquid.

In accordance with another embodiment of the invention,
an ultraviolet disinfection unit is disclosed. The unit includes
a liquid flow path and an ultraviolet lamp positioned to
irradiate liquid within the flow path. A first photo detector is
configured to generate a first electric signal, which is indica-
tive of an amount of a first spectrum of light irradiating the
liquid. A second photo detector is configured to generate a
second electric signal, which is indicative of an amount of
a second spectrum of light irradiating the liquid, where the
second spectrum is not equal to the first spectrum. A circuit
combines the first and second signals to generate an output
signal, which indicates an amount of a range of ultraviolet
light irradiating the liquid.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the present invention will
become readily apparent to those skilled in the art from the
following detailed description of the preferred embodiments
and from the attached figures, which are meant to illustrate
and not to limit the invention, and wherein:

FIG. 1 is a schematic sectional side view of a disinfection
channel of a UV liquid disinfector constructed in accordance
with a preferred embodiment of the present invention;

FIG. 2 schematically illustrates a UV light detection
system for the embodiment of FIG. 1, utilizing a pair of
photodetector chips;

FIG. 3 is a perspective view of a UV light sensor assembly
for the embodiment of FIG. 1;

FIG. 4 is a sectional view of the UV light sensor assembly,
taken along lines 4—4 of FIG. 3; and

FIG. 5 is a circuit diagram illustrating a preferred elec-
trical configuration of a UV light detection and control
system having features and advantages in accordance with
the teachings of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

While illustrated in the context of a UV water disinfector,
it will be understood that the UV detector of the preferred
embodiments will have application in a variety of contexts.

FIG. 1 shows a disinfection channel 20 of a UV water
disinfector having features according to the teachings of the
present invention. The disinfector is designed to disinfect a
liquid such as water 22. The water 22 is directed to flow
through the channel 20 as shown. Preferably, a solenoid
valve 32 is configured to selectively control the flow of
water 22 into the disinfection channel 20. During normal
operation, the valve 32 remains open so that water 22 may
enter channel 20. The valve 32 may be closed, however, to
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4

completely restrict the flow and effectively shut off the entire
disinfection unit.

A lamp 24 is provided above the surface 26 of the water
22, in the manner disclosed by U.S. Pat. No. 5,780,860 to
Gadgil et al., incorporated herein by reference. The lamp 24
emits radiant light onto the water 22, as indicated by arrows
28. A portion of the radiant light emitted is UV light, which
is absorbed by and disinfects the water 22. The flowrate of
the water 22 is preferably maintained at a constant level, and
is low enough so that the water 22 can absorb sufficient UV
energy to be completely disinfected. The flow may be
gravity driven or may be controlled by a system of pumps,
as desired. For optimal disinfection, the water flow is
substantially laminar, and baffles and weirs, as taught by
Gadgil *860, can be employed for this purpose. After flow-
ing through the disinfection channel 20, the completely
disinfected water 22 exits the disinfection unit.

As shown in FIG. 1, a UV light sensor assembly 30 may
be secured underneath the floor 23 of the disinfection
channel 20. A top light-receiving portion of the sensor
assembly 30 extends through a hole in the floor 23 and
protrudes above the floor surface into the water flowstream.
Sensor assembly 30 monitors the intensity of the UV portion
of radiant light 28 passing through the water 22 and gener-
ates an output current or, more preferably, an output voltage
that is proportional to the UV light intensity. In the preferred
embodiment, because the measured light has passed through
the water 22 before reaching the sensor 30, the turbidity of
the water 22 is accounted for when measuring the UV
dosage received by the water.

Thus, in the illustrated embodiment, the sensor 30 is
submerged within the water 22, while the lamp 24 is
suspended above the water 22. It will be understood,
however, that the preferred sensor 30 will have utility in a
variety of other types of UV disinfectors. For example, the
LJV lamp is often submerged within the flowing water to
effectively employ light radiating in all directions from the
lamp for disinfection.

The UV disinfection unit may be electronically config-
ured by means well known in the electronic arts to trigger
events within the system. In the preferred embodiment, an
electronic control system controls the UV disinfection unit
according to the UV light exposed to the water. In particular,
the control system shuts the system off if the sensor assem-
bly 30 detects insufficient intensity of UV light, and turns the
system back on if the UV light intensity rises back to a
comfortable level. For example, whenever the output current
or voltage is too low, which might occur if the power to the
lamp 24 drops or cuts out, or if the lamp bulb fuses, the
solenoid valve 32 can be closed to block the flow of water
22 into the disinfection channel, effectively shutting off the
system. An alarm can be activated to alert system attendants,
in addition to or in place of system shut down.

Accordingly, the control system of the UV disinfection
unit, discussed in greater detail below, is preferably config-
ured to electronically trigger a safety mechanism, such as by
closing the solenoid valve 32 and/or activating an alarm if
the output current or voltage drops below a first predeter-
mined amount. This first predetermined amount represents a
level of current or voltage corresponding to a UV intensity
cutoff, below which there is a danger that the water 22 will
not be successfully disinfected. Thereafter, should the output
current or voltage rise above a second predetermined
amount, representing a level of current or voltage corre-
sponding to a UV light intensity above which it is safe to
resume disinfection, the control system will preferably auto-
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matically open the solenoid valve 32 to reinitiate disinfec-
tion. In other arrangements, the disinfection system can be
configured to be manually reinitiated. The second predeter-
mined amount is preferably greater than or equal to the first
predetermined amount, to ensure that the disinfection sys-
tem will not be reinitiated if there is still a danger of
ineffective disinfection.

One method of detecting the UV light exposed to the
water 22 is to use a single solid state detector chip in
combination with a UV bandpass filter. The chip generates
a photo-induced current proportional to the intensity of the
light to which it is exposed. The UV bandpass filter screens
out all light wavelengths outside of the desired UV
spectrum, so that the photo-induced current is proportional
to the amount of UV light. The output current can be used
to control elements within the disinfection system, as
described in more detail below.

More preferably, two solid state silicon photodetector
chips are electrically connected in reverse parallel to gen-
erate an electric current proportional to the UV light. In the
preferred configuration of the present invention, the UV
light sensor assembly 30 includes two solid state silicon
photodetector chips 34 and 36.

FIG. 2 illustrates a preferred manner of using the chips 34
and 36. The first chip 34 is sensitive to and generates an
output current I;, proportional to the amount of visible,
infra-red, and UV light detected. In contrast, the second chip
36 is sensitive to substantially the same spectrum, with the
exception of UV light, and generates an output current I;4
proportional to the amount of visible and infra-red light
detected. Therefore, when the two chips are exposed to
radiant light 28 emitted from the lamp 24, the difference
between their output currents, I;,—l;,, is approximately
proportional to the amount of UV light to which the chips
are exposed. According to the present invention, chips 34
and 36 are electrically connected in reverse parallel so that
their output currents tend to cancel. The resulting current I,
is the difference between the output currents of each chip,
which, as explained, is proportional to the UV light intensity.

As discussed in more detail with respect to FIG. 5, the
input current I, is amplified and converted by suitable
means, such as a transimpedance amplifier, to an output
voltage V_,,, which is also proportional to the UV light
intensity. In this way, the sensor assembly 30, comprising
detector chips 34 and 36 and an amplifier, is insensitive to
visible and infra-red wavelengths even though each detector
chip is sensitive thereto. Furthermore, a quad (or 4x) opera-
tional amplifier may be included to allow for additional
signal conditioning circuitry, such as a comparator and
threshold detector, so that the output voltage signal V_,,, can
be used to control a solenoid valve 32 and/or an alarm in the
UV liquid disinfector, discussed in greater detail below.

There are several advantages of this dual photodetector
method of detecting UV light, including low cost, long
lifespan (typically greater than five years), enhanced optical
and mechanical stability, and low output signal “noise.” The
total cost of UV sensor assembly 30 is considerably reduced
compared to vacuum photodiode technology. Sensor assem-
bly 30 uses “off the shelf” detector chips and optics, is easy
to implement, and is at least equally robust, with respect to
mechanical shock and humidity, as most varieties of the
lamp 24.

Furthermore, the output voltage generated by sensor
assembly 30 exhibits less noise than prior art detection
systems. This is because a large portion of the noise gener-
ated by each of the chips 34 and 36 becomes cancelled out
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as the two signals are subtracted. Such noise includes current
generated by the detection of electromagnetic energy emit-
ted from other components within the UV water disinfector,
such as from power lines, the lamp ballast, etc. Since both
chips detect almost the same amount of noise, most of the
noise is cancelled when the currents I,, and I are opposed,
as shown in FIG. 2. Optionally, electrical shielding can be
employed to further reduce such noise.

The preferred dual detector sensor also exhibits advan-
tages over the single solid state detector approach described
above. One advantage is that it is less expensive. In the
single detector method, the UV bandpass filter alone can
cost more than the entire sensor assembly 30. Another
advantage is that the signal generated by the dual detector
sensor generally contains less noise detected from other
components within the UV water disinfector, for the same
reasons mentioned above.

Hamamatsu Corporation of New Jersey, U.S.A., sells P-N
junction silicon detector chips suitable for the purposes of
the present invention. According to a preferred embodiment
of the invention, Hamamatsu Detectors S1226-18BQ and
S1226-18BK are used as detector chips 34 and 36, respec-
tively. These detectors generate current at the rate of about
0.1 amps per watt of light detected (0.1 A/W). Also, these
detectors are identical in every respect except for the win-
dow material that protects the chip, which is housed in a
separate hermetically sealed TO-18 metal can. Hamamatsu
Detector S1226-18BQ photodetector 34) includes an inte-
gral quartz window that transmits visible, near infra-red, and
UV wavelengths. Since quartz does not transmit signifi-
cantly below 190 nm, this chip is sensitive to wavelengths
above 190 nm. In contrast, Hamamatsu Detector S1226-
18BK (photodetector 36) has a borosilicate window that
transmits wavelengths within the range of about 190
nm-310 nm, i.e., visible and infra-red wavelengths.

Those in the art will understand that the use of
Hamamatsu detectors according to the above-described pre-
ferred embodiment is exemplary and not limiting. Any two
detectors that exhibit the desired property of generating
photo-induced currents whose difference is proportional to
the intensity of a desired spectrum of light may be utilized
without departing from the spirit and scope of this invention.
Thus, a suitable first detector generates a photo-induced
current proportional to the intensity of light detected within
a first spectrum, including a desired range of UV light. A
suitable second detector generates a photo-induced current
proportional to the intensity of light detected within a second
spectrum, substantially the same as the first spectrum but
excluding the desired range of UV light. Also, it will be
readily apparent to those skilled in the art that the output
voltage V. and consequently the advantages of the present
invention, can alternatively be obtained by separately con-
verting each of the currents I;, and L5, into voltage signals,
via current-to-voltage converters, and taking the difference
between the separate voltage signals. Current-to-voltage
conversion is well-known in the art.

FIGS. 3 and 4 illustrate a preferred configuration of the
UV light sensor assembly 30 of the present invention.
Preferably, only the top portion of the sensor assembly 30
extends above the floor 23. The illustrated sensor assembly
30 comprises a small hollow plastic box 40, a detector chip
housing 44, a circuit board 46, and a lower plate 41 attached
to the bottom of box 40. A preferred size of the box 40 is
about 3 cmx5 cmx1 cm. The housing 44 comprises a
cylindrical fitting 50, a window 54, and the detector chips 34
and 36. The upper end of fitting 50 has a larger diameter than
the lower end thereof The lower end of fitting 50 is adapted
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Symbol Component Type/Rating

34 Photodetector Hamamatsu S1226-18BQ
36 Photodetector Hamamatsu S1226-18BK
70 Operational Amplifier Y4 LM324N

78 Operational Amplifier Y4 LM324N

R1 Resistor 1kQ

R2 Resistor 2 MQ, B1 72 PR 2 MQ
R3 Resistor 2 MQ, B1 72 PR 2 MQ
R4 Resistor 1kQ

RS Resistor 200 kQ

D1 Diode 1N914

D2 Diode 1N914

80 Transistor 2N2222A

82 Relay Aromat RSD-5V

84 Alarm Piezo Buzzer

32 Solenoid Valve DC 12V

In the illustrated embodiment, the electrical circuitry of
FIG. 5 is enclosed within the box 40 of the UV light sensor
assembly 30. This limits the possibility of signal degradation
and prevents interference from other electromagnetic
sources that might occur if the circuit 68 and 76 were located
outside of the disinfection channel. However, the sensor
assembly 30 could house only the detector chips 34 and 36,
in which case the remainder of the electrical circuits 68 and
76 would be located outside of the disinfection channel 20.

Although this invention has been disclosed in the context
of certain preferred embodiments and examples, it will be
understood by those skilled in the art that the present
invention extends beyond the specifically disclosed embodi-
ments to other alternative embodiments and/or uses of the
invention. Thus, it is intended that the scope of the present
invention herein disclosed is not limited to the particular
disclosed embodiments described above, but should be
determined only by a fair reading of the claims that follow.

I claim:

1. An ultraviolet light detector for detecting a level of
ultraviolet light exposed to a liquid flowing within an
ultraviolet liquid disinfection unit, said detector comprising:

a first photodetector configured to generate a first electric
signal proportional to a level of light received by the
detector and within a first spectrum of wavelengths,
said first spectrum including ultraviolet light;

a second photodetector configured to generate a second
electric signal proportional to a level of light received
by the detector and within a second spectrum of
wavelengths, said second spectrum substantially
including said first spectrum except for a range of
ultraviolet light; and

circuitry connecting said first and second electric signals
to generate an output electric signal proportional to a
level of light received by the detector and within the
range of ultraviolet light.

2. The ultraviolet light detector according to claim 1,
wherein said circuitry connects said first and second electric
signals in reverse parallel.

3. The ultraviolet light detector according to claim 1,
wherein said first, second and output electric signals com-
prise currents, further comprising a transimpedance ampli-
fier circuit configured to convert said output electric current
into an output voltage.

4. The ultraviolet light detector according to claim 1,
further comprising a comparator circuit configured to close
a solenoid valve within said ultraviolet liquid disinfection
unit if said output electric signal is lower than a first
predetermined amount, said solenoid valve configured to
control a flow of said liquid through said disinfection unit.
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5. The ultraviolet light detector according to claim 4,
wherein said comparator circuit is configured to open and
maintain in an open position said solenoid valve if said
output electric signal is greater than a second predetermined
amount, said second predetermined amount being greater
than or equal to said first predetermined amount.

6. The ultraviolet light detector according to claim 1,
further comprising a comparator circuit configured to acti-
vate an alarm if said output electric signal is lower than a
predetermined amount.

7. The ultraviolet light detector according to claim 1,
wherein said disinfection unit comprises a UV lamp sus-
pended above said liquid.

8. The ultraviolet light detector according to claim 1,
wherein said detector is submerged within said liquid.

9. The ultraviolet detector according to claim 1, wherein
said second photodetector comprises a borosilicate window.

10. The ultraviolet light detector according to claim 1,
wherein said first and second photodetectors comprise solid
state silicon photodetector chips.

11. The ultraviolet light detector according to claim 1,
wherein said first photodetector is sensitive to visible,
infrared, and ultraviolet light, and said second photodetector
is sensitive to visible and infrared light.

12. An ultraviolet light detector according to claim 11,
wherein said first photodetector is sensitive to wavelengths
of light greater than or equal to approximately 190 nm, and
said second photodetector is sensitive to wavelengths of
light less than or equal to approximately 310 nm.

13. A method of detecting a level of ultraviolet light
received at a detector, comprising:

generating a first photo-induced electric signal related to
an intensity of light in a first spectrum of wavelengths,
said first spectrum including a desired range of ultra-
violet light;

generating a second photo-induced electric signal related
to an intensity of light in a second spectrum of
wavelengths, the second spectrum substantially includ-
ing the first spectrum and substantially excluding the
desired range of ultraviolet light; and

subtracting said second electric signal from said first
electric signal to generate an output electric signal
related to the level of ultraviolet light received at the
detector.

14. An ultraviolet detector comprising:

a detection region;

a first solid state photodetector configured to generate a
first electric current proportional to a level of radiant
light received at the detection region within a first range
of light wavelengths, said first range including a
desired range of ultraviolet light wavelengths; and

a second solid state photodetector configured to generate
a second electric current proportional to a level of
radiant light received at the detection region within a
second range of light wavelengths, said second range
substantially including the first range of light wave-
lengths except for the desired range of ultraviolet light
wavelengths;

wherein said first and second electric currents are con-
nected in reverse parallel to generate an output electric
current proportional to a level of light within the
desired range of ultraviolet light wavelengths received
at the detection region.
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