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LIGHT SOURCES ADAPTED TO SPECTRAL SENSITIVITY OF PLANT

CROSS REFERENCE

This application claims benefit to and is based upon U.S. Provisional
Patent Application Serial No. 61/669,825 filed July 10, 2012 titled “Light
Sources Adapted to Spectral Sensitivity of Plant” and that application is

incorporated by reference in full.

BACKGROUND

This invention relates to plant growth. More specifically this invention
relates to a method and assembly of radiating plants to enhance photosynthesis.

It is well known in the art that during the photosynthesis process plants
absorb different frequencies of light to cause photosynthesis to occur. In
particular photosynthetically active radiation (PAR) is radiation in the spectral
range from approximately 400 nanometers (nm) to 700 nm. Also known in the
art is that chlorophyll, the most abundant plant pigment and the pigment
responsible for plant metabolism is most efficient at capturing red and blue light.

During photosynthesis the chlorophyll pigments in a plant absorb
photons in order to drive a metabolic process and dissipate other energy within
the photons. Simultaneously other pigments that are red/farred and blue/UV-A
and UV-B photosensors or photoreceptors chemically react to adjust the
behavior and development of the plant. Thus, by providing red and blue
spectrum light, plants have been shown to grow at increased rates.

In addition, also known in the art is that plants need turn over, or time in
the dark. In particular, when a pigment has accepted a photon and is going
through the metabolic process, the pigment cannot accept additional photons.
Still, when additional photons bombard the plant the pigments will continue to
attempt to metabolize thus straining or fatiguing the plant. Thus dark time is
needed to allow the pigments to complete the metabolic process and to restart the
process. Thus just as humans need sleep, plants similarly need down time to
optimize the metabolic process. In particular, depending on the type of plant, a
plant needs approximately 3.5 to 14.5 milliseconds (ms) of turn over time per

every 24 ms in order to minimize the fatigue or strain caused by the light.
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As a result of this phenomena, DC lighting that is controlled by pulse
width modulation (PWM) has been utilized in order to enhance the growth
characteristics in plants. By utilizing PWM lighting in bursts or flicker not
detectable by the human eye those in the art have attempted to optimize

5 photosynthesis.

Still, problems exist as a result of utilizing DC lighting. Specifically DC
(direct current) lighting is expensive, can be unreliable and difficult to use. In
addition, while research on these effects has been conducted, industry applicable
products that are easy to use and meaningful are still desired. Thus, a need in the

10 art exists for an AC (alternating current) lighting source that is robust,
mexpensive to manufacture and operate and is able to enhance growth
characteristics in plants.

Therefore, a principle object of the present invention is to enhance
growth characteristics in plants utilizing an AC power source.

15 Another object of the present invention is to provide cost effective
lighting that enhances plant growth.

Yet another object of the present invention is to provide a lighting
assembly that is used for multiple plants.

Another object of the present invention is to provide alternative methods

20 of modulating light provided to plants to use of a DC power source.
These and other objects, features and advantages will become apparent

from the rest of the specification.

SUMMARY OF THE INVENTION

25 A horticultural assembly for the growth of plants, including flowers. The
assembly includes AC powered light source assemblies adjacent plants and
adapted to the spectral sensitivity of plants. A light engine assembly is provided
that is dimmable and through phase cutting can stop current from going to LEDs
in the assembly to provide periods where no light is being emitted by the

30  assembly. Further the light engine assembly includes a chip element that
provides both red and blue light emitting diodes (LEDs) in series such that

through phase cutting red and blue light emissions can be controlled.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a side plan view of a lighting assembly in a controlled
environment for growing plant life;

Fig. 2 is a schematic diagram of a lighting assembly for growing plant
life;

Fig. 3 is a schematic diagram of circuitry within a lighting assembly for
growing plant life;

Fig. 4A is a side plan view of a cylindrical body for growing plant life;

Fig. 4B is a side plan view of a cylindrical body for growing plant life;

Fig. 5 is a graph showing voltage and current over a period of time for a
lighting assembly for growing plant life; and

Fig. 6 is a graph showing voltage and current over a period of time for a

lighting assembly for growing plant life.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

As shown in figure 1 a horticultural assembly 10 can be at any location,
cluding outdoors, in a green house, indoors or the like. The assembly 10
includes a container or space 12 where plants 14 that are typically planted in side
by side relation are located. While described as being planted in side by side
relation, a single plant, or plurality of plants planted in any relation to one
another is contemplated and does not fall outside of this disclosure. A water
system 15 is also provided that preferably comprises a series of water conduits
16 that convey water to the plants 14 to assist in the growing process.

Positioned adjacent the plants are a plurality of light source assemblies
18 powered by an AC source. These assemblies 18 may be mounted or secured
to the water conduits 16 of the water conduit system 14 or alternatively placed
on a secondary conduit system or otherwise placed or mounted adjacent the
plants 14 such that at least one plant receives radiation emitted by the assemblies
18.

The assemblies 18 are dimmable and are constructed as is described in
U.S. Patent application No. 12/824,215 to Grajcar and/or U.S. Patent application
serial No. 12/914,575 to Grajcar, both that are incorporated herein. One such
assembly as an example only is shown in figure 2 having an pair of input

terminals 20 that are adapted to receive a periodic excitation voltage such that
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the terminals can receive AC current or a current of equal magnitude and
opposite polarity, said current flowing in response to the excitation voltage to
provide an AC input. The AC current is then conditioned by driving circuitry 22
that optionally includes an metal oxide varesistor (MOV) 24 and a rectifying
device 25 that in a preferred embodiment is a bridge rectifier formed of a
plurality of light emitting diodes (LEDs) 26.

A plurality of lighting elements 27 such as light emitting diodes (LEDs)
26 are arranged in a first network 28 where the first network 28 is arranged to
conduct the current in response to the excitation voltage exceeding at least a
forward threshold voltage associated with the first network 28. Optionally
depending on the driving circuitry 22 a resistor 30 or multiple resistors can be
used to condition the current before reaching the first network 28. The LEDs 26
of the first network 28 can be of any type or color. In one embodiment the LEDs
26 of the first network 28 are red LEDs that produce light having a wavelength
of approximately 600-750 nano meters (nm). In another embodiment the first
network of LEDs are blue LEDs that produce light having a wavelength of
approximately 350-500 nm. Alternatively both red and blue LEDs can be
provided together or other colored LEDs such as green may similarly be used
without falling outside the scope of this disclosure.

A second network 32 having lighting elements 27 such as a plurality of
LEDs 26 is additionally provided in series relationship with the first network 28.
The LEDs 26 of the second network 32 can be of any type or color. In one
embodiment the LEDs 26 of the second network 32 are red LEDs that produce
light having a wavelength of approximately 600-750 nano meters (nm). In
another embodiment the second network of LEDs are blue LEDs that produce
light having a wavelength of approximately 350-500 nm. Alternatively both red
and blue LEDs can be provided together or other colored LEDs such as green
may similarly be used without falling outside the scope of this disclosure.

A bypass path 34 is provided in the assembly 18 that is in series
relationship with the first network 28 and in parallel relationship with the second
network 32. Also within the bypass path 34 are elements that provide a
controlled impedance, which can be, for example only a transistor 36 that in one
embodiment is a depletion MOSFET. Additional transistors, resistors or the like

can be used within the bypass path 34 all that condition current to provide the
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smooth and continuous transition from the bypass path 34 to the second network
32.

Accordingly, it is appreciated from the disclosure herein that color
temperature shifting as a function of input excitation waveforms may be
implemented or designed based on appropriate selection of LED groups or
networks 28 and 32 and arrangement of one or more selective current diversion
conditioning circuits to modulate a bypass current around selected LED
networks 28 and 32. The selection of the number of diodes in each group,
excitation voltage, phase control range, diode colors, and peak intensity
parameters may be manipulated to yield improved electrical and/or light output
performance for a range of lighting applications.

Figs. 3 and 4A and 4B show manners in which modulation of light is
provided that does not require utilization of a DC power source. In one
embodiment as shown in Fig. 3 a control assembly 38 is provided. The control
assembly 38 can be a dimming device utilizing power leading edge and falling
edge phase cutting elements. As an example only a triac dimmer presents phase
cutting at a leading edge while a IGBT dimmer presents phase cutting at a
trailing edge. In this embodiment the dimming device having both leading edge
and trailing edge phase cutting is in electrical communication with the driving
circuitry 22. In this manner by utilizing both in a control assembly 38 a
predetermined period of no current is provided. Thus a control device 40
associated with the control assembly 38 can be used to determine the period of
no current and thus period of dark.

In another embodiment the control assembly 38 includes at least one
SCR silicon controlled rectifier) and in one embodiment first and second SCRs
that are utilized to cut current provided for a predetermined period of time. The
cut can occur at a ) phase angle or alternatively at an angle. Thus, by utilizing
SCRs, the control assembly 38 again functions as a controllable on/off switch of
the lighting assemblies 18. Specifically, in one embodiment the control device
40, such as a control knob is in communication with first and second SCRs such
that the predetermined period of light and dark can be set at any predetermined
time period from 0-30 minutes.

In an alternative embodiment as provided in Figs. 4A and 4B the

modulation of light is not controlled electrically. In opposite either the lighting
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assemblies 18 themselves or the plants 14 move relative to one another to cause
periods of light and dark to occur. In one embodiment a plurality of plants 14
are disposed within a rotating cylindrical body 44 that in one embodiment is a
barrel with a plurality of lighting elements 27 arcuately surrounding the
periphery 46 of the cylindrical body 44 adjacent the plants 14. In one
embodiment approximately 180° of lighting elements 27 arcuately surround the
cylindrical body. In another embodiment only 90° of lighting elements 27 are
provided. In this manner the cylindrical body 44 can rotate, the lighting
elements 27 can rotate or both can rotate to create periods of light and dark. In
particular the lighting elements can have a low diffusion rate thus providing only
direct light ensuring a dark period occurs. Therefore, the length of the periods of
light and dark can be controlled by the relative rotational speed between the
lighting elements 27 and plants 14 in the cylindrical body 44. Alternatively a
shield 46 can be presented to block light again causing dark periods to occur.

Figs. 5 and 6 show graphs of voltage and current in a possible
embodiment utilizing red and blue lighting elements 27 and a control assembly
38 for controlling modulation of light. In this embodiment the driving circuitry
22 in response to the input voltage 48 conditions the overall current 50. In this
manner blue lighting element current 52 steadily increases then decreases while
red lighting element current 54 increases, then decreases before again increasing.
Depending on the requirements of a user the current 50 can optionally be cut at a
leading edge 56 and trailing edge 58 as desired to reduce current to zero and
create a period of darkness as discussed in detail above. Therefore, depending
on the driving circuitry 22 and choice of lighting elements 27 as used in
association with the lighting elements 27 the color output of the lighting
assembly 18 is controllable so that once the optimum lighting for a given plant is
determined, the assembly 18 can be controlled to provide this optimum result. In
this manner both the optimum spectrum and modulation of light can be
provided.

In operation, one can study and determine the predetermined light and
dark period for a specific plant, along with predetermined light wavelengths or
colors for a plant that optimizes a characteristic of the plant, such as growth,

yield or the like. Then a lighting assembly 18 is manufactured to present the
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predetermined light wavelength and the control assembly 38 can be adjusted to
provide the optimum predetermined light and dark periods for optimum growth.
The light assemblies 18 are constructed to present a phase of a
predetermined time duration depending on the modulation of the conditioned
5 current provided to the lighting elements 27. In a preferred embodiment the

phase is 24 ms. During this phase as a result of phase cutting, whether leading
edge by a triac or other component and/or falling edge by a transistor such as a
IGBT or the like, current is not supplied to LEDs for a predetermined amount of
time or period, preferably between 3.5 to 14.5 ms during each 24 ms phase to

10 create a dark or turnover period for 3.5 to 14.5 ms. During this 3.5 to 14.5 ms
the plants 14 experience turnover time in order to optimize the photosynthesis
process. Specifically thus provided are predetermined periods of light and dark
that stimulate continuous growth of the plant. When used in the context of this
application, predetermined periods of light and dark are measured or determined

15 by what can be perceived by a plant 14 and represents periods when no light is
being emitting by the lighting elements 27, even if the light or dark cannot be
perceived by a human. Thus, flicker and unperceivable flicker present that is not
perceived by humans is considered to provide a predetermined period of light
and dark within the context of this disclosure.

20 In the embodiment where first and second SCRs are utilized the SCRs
function as a controllable on/off switch of the lighting assemblies 18. Such
functioning allows for a predetermined period of light and a predetermined
period of dark. In one embodiment the predetermined period for both the light
and dark is approximately 30 minutes. Specifically the control assembly 38 is in

25  communication with the first and second SCRs such that the predetermined
period of light and dark can be set at any predetermined time period from 0-30
minutes. In this manner one can control the pre-determined durations of light
and dark to match the optimum requirements of specific plants.

Thus presented is a method and assembly 10 for illuminating a plurality

30  ofplants 14. The assembly 10 includes an AC powered light assembly 18 that
through phase cutting provides a lighting cycle or phase that includes a
predetermined amount of dark or turnover time for the plant. As a result the

plant 14 gets the needed rest to relieve plant stress and strain during the
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completion of the metabolizing process. At this point the plant 14 is then ready
to absorb more light to continue metabolizing in the photosynthesis process.

Meanwhile, by having red and blue diodes the effectiveness of the
metabolizing and photosynthesis is maximized. Specifically red LEDs and blue
LEDs can comprise the different networks 28 and 32 of LEDs to create
mtermittent blue light and red light in order to optimize the light received by the
plants 14 according to the ideal PAR for that particular plant 14. As a result, not
only can you have a 24 hour constant light growing cycle, but in addition the
growth of the plant in maximized. The result is faster maturation and larger
yield for the plats.

In addition, the control assembly 38 allows an individual to control the
modulation of light for specific plants 14. Thus, if the optimum growing
condition is to provide a period of 3.5 ms of light and 3.5 ms of dark, the control
assembly 38 can be adjusted to provide this modulation. If a period of 30
minutes instead is required for maximum plant growth and enhancement of
photosynthesis, the control device 42 can be adjusted and the assembly 18 can
provide the modulation required. In this manner the assembly 18 can be used for
numerous varieties of plants 14 without the need for a different assembly to be
manufactured, thus improving on the state of the art.

In addition the lighting assemblies are easily manufactured and
ncorporated into new and existing horticulture assemblies by mounting or
attaching them to water conduits 16 or mounting them otherwise adjacent to the
plants 14. Finally, because current is conditioned from an AC input is utilized
and pulse width modulation eliminated, the cost associated with the lighting
assembly 18 is greatly reduced. Thus, at the very least all of the stated objects

have been met.
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CLAIMS

What is claimed is:

1. A method of stimulating plant growth in a controlled environment steps
comprising:
providing a pair of input terminals that are adapted to receive
a periodic excitation voltage such that the terminals receive a current of
equal magnitude and opposite polarity, said current flowing in response
to the excitation voltage to provide an AC input;
providing a lighting assembly that has driving circuitry that
receives the AC input and conditions the current;
providing a network of lighting elements that produce light at a
predetermined wavelength in response to the conditioned current;
positioning the lighting assembly adjacent a plant such that the
light produced is received by the plant; and
modulating the conditioned current of the lighting elements with
a control assembly to controllably provide predetermined periods of light

and dark to stimulate continuous growth of the plant.

2. The method of claim 1 wherein the network of lighting elements are light

emitting diodes (LEDs).

3. The method of claim 2 wherein the predetermined wavelength of the network

is in a range including and between 350 nm to 500 nm.

4. The method of claim 3 wherein the lighting assembly has a second network
of lighting elements that produce light at a predetermined wavelength that are

LEDs in series with the first network of lighting elements.

5. The method of claim 4 wherein the predetermined wavelength of the second

network of lighting elements is in a range between 600-750 nm.

6. The method of claim 2 wherein the predetermined wavelength of the network

is in a range including and between 600 nm and 750 nm.
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7. The method of claim 1 wherein the predetermined periods of light and dark

are in a range between 0 and 30 minutes.

5 8. The method of claim 7 wherein the predetermined periods of light and dark

are in a range between 3.5 ms and 14.5 ms.

9. The method of claim 1 wherein the control assembly comprises a dimming
device electrically connected to driving circuitry that conditions current from an

10 AC input.

10. The method of claim 9 wherein the driving circuitry includes at least one

silicon controlled rectifier (SCR).

15  11. The method of claim 10 further comprising the step of phase cutting current
flowing to the LEDs with the at least one SCR to controllably determine the

duration of the predetermined periods of light and dark.

12. The method of claim 11 wherein the dimming device has a triac therein.
20
13. The method of claim 11 wherein the dimming device has a IGBT therein.

14. A method of stimulating plant growth in a controlled environment steps
comprising:
25  providing a cylindrical body having at least one plant disposed
therein;
placing a network of lighting elements that produce light at a
predetermined wavelength arcuately partially around the cylindrical body
in order to provide light that is received by the plant; and
30  rotating the cylindrical body at a predetermined speed relative
to the lighting elements to controllably provide predetermined periods of

light and dark to stimulate continuous growth of the plant.
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