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AIR CONDITIONER DEVICE WITH REMOVABLE 
DRIVER ELECTRODES 

CLAIM OF PRIORITY 

[0001] The present application claims priority under 35 
USC 119(e) to co-pending US. Provisional Patent Appli 
cation Ser. 60/590,688, ?led Jul. 23, 2004, entitled “Air 
Conditioner Device With Removable Driver Electrodes” 
(Attorney Docket No. SHPR-01361USA) Which is hereby 
incorporated herein by reference. 

CROSS-REFERENCE APPLICATIONS 

[0002] The present invention is related to the following 
patent applications and patents, each of Which is incorpo 
rated herein by reference: 

[0003] US. patent application Ser. No. 10/074,207, ?led 
Feb. 12, 2002, entitled “Electro-Kinetic Air Transporter 
Conditioner Devices With Interstitial Electrode” (Attorney 
Docket No. SHPR-01041USN); 

[0004] US. Pat. No. 6,176,977, entitled “Electro-Kinetic 
Air Transporter-Conditioner” (Attorney Docket No. SHPR 
01041USO); 
[0005] US. Pat. No. 6,544,485, entitled “Electro-Kinetic 
Device With Anti Microorganisrn Capability” (Attorney 
Docket No. SHPR-01028USO); 

[0006] US. patent application Ser. No. 10/074,347, ?led 
Feb. 12, 2002, and entitled “Electro-Kinetic Air Transporter 
Conditioner Device With Enhanced Housing” (Attorney 
Docket No. SHPR-01028US5); 

[0007] US. patent application Ser. No. 10/717,420, ?led 
Nov. 19, 2003, entitled “Electro-Kinetic Air Transporter And 
Conditioner Devices With Insulated Driver Electrodes” 
(Attorney Docket No. SHPR-01414US1); 

[0008] US. patent application Ser. No. 10/625,401, ?led 
Jul. 23, 2003, entitled “Electro-Kinetic Air Transporter And 
Conditioner Devices With Enhanced Arcing Detection And 
Suppression Features” (Attorney Docket No. SHPR 
01361USB); 
[0009] US. Pat. No. 6,350,417 issued May 4, 2000, 
entitled “Electrode Self Cleaning Mechanisrn For Electro 
Kinetic Air Transporter-Conditioner” (Attorney Docket No. 
SHPR-01041US1); 
[0010] US. Pat. No. 6,709,484, issued Mar. 23, 2004, 
entitled “Electrode Self-Cleaning Mechanisrn For Electro 
Kinetic Air Transporter Conditioner Devices (Attorney 
Docket No. SHPR-01041US5); 

[0011] US. Pat. No. 6,350,417 issued May 4, 2000, and 
entitled “Electrode Self Cleaning Mechanisrn For Electro 
Kinetic Air Transporter-Conditioner” (Attorney Docket No. 
SHPR-01041US1); 
[0012] US. Patent Application No. 60/590,735, ?led Jul. 
23, 2004, entitled “Air Conditioner Device With Variable 
Voltage Controlled Trailing Electrodes” (Attorney Docket 
No. SHPR-01361USG); 
[0013] US. Patent Application No. 60/590,960, ?led Jul. 
23, 2004, entitled “Air Conditioner Device With Rernovable 
Interstitial Driver Electrodes” (Attorney Docket No. SHPR 
01361USQ); 
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[0014] US. Patent Application 60/590,445, ?led Jul. 23, 
2004, entitled “Air Conditioner Device With Enhanced 
Gerrnicidal Larnp” (Attorney Docket No. SHPR 
01361USR); 
[0015] US. patent application No. , ?led , 
entitled “Enhanced Gerrnicidal Larnp’”’ (Attorney Docket 
No. SHPR-01361USY); 

[0016] US. patent application No. , ?led , 
entitled “Air Conditioner Device With Rernovable Driver 
Electrodes” (Attorney Docket No. SHPR-01414US7); 

[0017] US. patent application No. , ?led , 
entitled “Air Conditioner Device With Variable Voltage 
Controlled Trailing Electrodes” (Attorney Docket No. 
SHPR-01414US8); 
[0018] US. patent application No. , ?led , 
entitled “Air Conditioner Device With Individually Rernov 
able Driver Electrodes’”’ (Attorney Docket No. SHPR 
01414US9); and 

[0019] US. patent application No. , ?led , 
entitled “Air Conditioner Device With Enhanced Gerrnicidal 
Larnp” (Attorney Docket No. SHPR-01414USA). 

FIELD OF THE INVENTION 

[0020] The present invention is related generally to a 
device for conditioning air. 

BACKGROUND OF THE INVENTION 

[0021] The use of an electric motor to rotate a fan blade to 
create an air?oW has long been knoWn in the art. Although 
such fans can produce substantial air?oW (e.g., 1,000 ft3/ 
minute or more), substantial electrical poWer is required to 
operate the motor, and essentially no conditioning of the 
?oWing air occurs. 

[0022] It is knoWn to provide such fans With a HEPA 
cornpliant ?lter element to remove particulate matter larger 
than perhaps 0.3 urn. Unfortunately, the resistance to air?oW 
presented by the ?lter element may require doubling the 
electric motor siZe to maintain a desired level of air?oW. 
Further, HEPA-cornpliant ?lter elements are expensive, and 
can represent a substantial portion of the sale price of a 
HEPA-cornpliant ?lter-fan unit. While such ?lter-fan units 
can condition the air by removing large particles, particulate 
matter small enough to pass through the ?lter element is not 
removed, including bacteria, for example. 

[0023] It is also knoWn in the art to produce an air?oW 
using electro-kinetic techniques, Whereby electrical poWer is 
converted into a How of air Without utiliZing rnechanically 
rnoving components. One such system is described in US. 
Pat. No. 4,789,801 to Lee (1988), depicted herein in sirn 
pli?ed form as FIG. 1A, Which is hereby incorporated by 
reference. System 10 includes an array of ?rst (“ernitter”) 
electrodes or conductive surfaces 20 that are preferably 
spaced-apart syrnrnetrically from an array of second (“col 
lector”) electrodes or conductive surfaces 30. The positive 
terminal of a generator such as, for example, pulse generator 
40 Which outputs a train of high voltage pulses (e.g., 0 to 
perhaps +5 KV) is coupled to the ?rst array 20, and the 
negative pulse generator terminal is coupled to the second 
array 30 in this example. 
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[0024] In another particular embodiment shown herein as 
FIG. 1B, second electrodes 30 are preferably symmetrical 
and elongated in cross-section. The elongated trailing edges 
on the second electrodes 30 are symmetrically and elongated 
in cross-section. The elongated trailing edges on the second 
electrodes 30 provide increased area upon Which particulate 
matter 60 entrained in the airflow can attach. While the 
electrostatic techniques disclosed by the ’801 patent are 
advantageous over conventional electric fan-?lter units, 
further increased air conditioning ef?ciency Would be 
advantageous. One method of increasing air conditioning 
efficiency is to position driver electrodes betWeen the col 
lector electrodes Whereby the driver electrodes aid in driving 
the particulates toWard the collector electrodes. 

BRIEF DESCRIPTION OF THE FIGURES 

[0025] FIG. 1A illustrates a plan, cross sectional vieW, of 
the electro-kinetic air conditioner system according to the 
prior art. 

[0026] FIG. 1B illustrates a plan cross sectional vieW of 
the electro-kinetic air conditioner system according to the 
prior art. 

[0027] FIG. 2A illustrates a perspective vieW of the 
device in accordance With one embodiment of the present 
invention. 

[0028] FIG. 2B illustrates a perspective vieW of the device 
in FIG. 2A With the removable collector electrode in accor 
dance With one embodiment of the present invention. 

[0029] FIG. 3A illustrates an electrical block diagram of 
the high voltage poWer source of one embodiment of the 
present invention. 

[0030] FIG. 3B illustrates an electrical block diagram of 
the high voltage poWer source in accordance With one 
embodiment of the present invention. 

[0031] FIG. 4 illustrates a perspective vieW of the elec 
trode assembly according to one embodiment of the present 
invention. 

[0032] FIG. 5 illustrates a plan vieW of the electrode 
assembly according to one embodiment of the present 
invention. 

[0033] FIG. 6 illustrates a perspective vieW of the air 
conditioner system according to one embodiment of the 
present invention. 

[0034] FIG. 7A illustrates an exploded vieW of the air 
conditioner system in accordance With one embodiment of 
the present invention. 

[0035] FIG. 7B illustrates a perspective cutaWay vieW of 
the air conditioner system in accordance With one embodi 
ment of the present invention. 

[0036] FIG. 8A illustrates a perspective vieW of the front 
exhaust grill With the driver electrodes coupled thereto in 
accordance With one embodiment of the present invention. 

[0037] FIG. 8B illustrates a detailed vieW of the embodi 
ment shoWn in FIG. 8A in accordance With one embodiment 
of the present invention. 

[0038] FIG. 9A illustrates a perspective vieW of the air 
conditioner system With an electrode assembly positioned 
therein. 
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[0039] FIG. 9B illustrates a perspective vieW of the air 
conditioner system With an electrode assembly partially 
removed in accordance With one embodiment of the present 
invention. 

[0040] FIG. 10A illustrates a perspective vieW of an 
electrode assembly in accordance With one embodiment of 
the present invention. 

[0041] FIG. 10B illustrates an exploded vieW of an elec 
trode assembly in accordance With one embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

[0042] Embodiments of the present invention are directed 
to method and apparatus for moving air preferably using an 
air conditioning system therein, With or Without a fan, 
Whereby the system preferably includes at least one emitter 
electrode, at least one collector electrode, at least one driver 
electrode disposed adjacent to the collector electrode, and at 
least one trailing electrode positioned doWnstream of the 
collector electrode. The collector electrode and the driver 
electrode are removable from the device. In one embodi 
ment, the driver electrodes are removable from the device 
and/or the collector electrode. The ability to remove the 
collector electrode as Well as the driver electrode alloWs for 
easy cleaning of the electrodes. In one embodiment, the 
present device includes a removable exhaust grill upon 
Which the driver electrode and trailing electrode are coupled 
to. The removable grill alloWs the user to easily clean the 
driver electrode Without having to remove the collector 
electrode. 

[0043] One aspect of the present invention is directed to an 
air-conditioning device Which comprises a housing that has 
an inlet and an outlet. The present invention includes an ion 
generator that is located in the housing and is con?gured to 
at least create ions in a How of air. Also, the invention 
includes a driver electrode that is located proximal to the 
outlet, Wherein the driver electrode is removable from the 
housing. 
[0044] Another aspect of the present invention is directed 
to an air-conditioning device Which comprises a housing 
With a removable grill. The present invention includes an ion 
generator Which is located in the housing; and a driver 
electrode that is located adjacent to a collector electrode of 
the ion generator, Wherein the driver electrode is coupled to 
the removable grill. 

[0045] Another aspect of the present invention is directed 
to an air-conditioning device Which comprises a housing 
Which has an upper portion With a removable grill. The 
present invention includes an emitter electrode located in the 
housing as Well as a collector electrode located in the 
housing, Wherein the collector electrode is removable 
through the upper portion of the housing. The present 
invention includes a high voltage source that is operatively 
connected to at least one of the emitter electrode and the 
collector electrode. The present invention includes a driver 
electrode that is preferably coupled to the removable grill, 
Wherein the driver electrode is removable from the housing. 

[0046] Another aspect of the present invention is directed 
to an air-conditioning device Which comprises a housing, an 
emitter electrode that is located in the housing, and a 
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collector electrode located in the housing, Wherein the 
collector electrode is removable from the housing. The 
present invention includes a high voltage source that is 
adapted to provide a voltage differential betWeen the emitter 
electrode and the collector electrode. The present invention 
includes a driver electrode that is preferably removable from 
the housing With the collector electrode, Wherein the driver 
electrode is removable from the collector electrode When the 
collector electrode is removed from the housing. 

[0047] In yet another aspect of the present invention, an 
air-conditioning device Which comprises a housing having 
an inlet grill and an outlet grill. The present invention 
includes at least one emitter electrode positioned Within the 
housing proximal to the inlet grill. The present invention 
includes at least tWo collector electrodes, each having a 
leading portion and a trailing portion, Wherein the collector 
electrodes are positioned proximal to the outlet grill. The 
present invention includes a high voltage source that is 
adapted to provide a voltage differential betWeen the at least 
one emitter electrode and the collector electrodes. The 
present invention includes at least one removable driver 
electrode that is positioned betWeen the at least tWo second 
electrodes proximal to the trailing portions. 

[0048] Another aspect of the present invention is directed 
to a method of providing an air-conditioning device Which 
comprises providing a housing; positioning an emitter elec 
trode in the housing; and positioning a collector electrode 
doWnstream of the emitter electrode. The present method 
includes coupling a high voltage source that is adapted to 
provide a voltage differential betWeen the emitter electrode 
and the collector electrode and positioning a removable 
driver electrode adjacent to the collector electrode in the 
housing. 
[0049] Another aspect of the present invention includes a 
method of removing an electrode assembly for cleaning. The 
electrode assembly is positioned Within an elongated hous 
ing of an air-conditioning device, Wherein the housing has 
an upper portion and a grill that is con?gured to be selec 
tively removable from a side of the housing. The electrode 
assembly includes an emitter electrode Which is spaced from 
the collector electrodes. The electrode assembly includes a 
driver electrode positioned betWeen the collector electrodes, 
Wherein the emitter electrode and the collector electrodes are 
electrically coupled to a high voltage source. The method 
comprises lifting the electrode assembly from the housing 
through the upper portion, Wherein the collector electrodes 
are at least partially exposed. The method further comprises 
removing the driver electrode from the lifted electrodes 
assembly. The method further alternatively comprises 
removing the grill from the side of the housing, Wherein the 
driver electrode is at least partially exposed and is capable 
of being removably secured to an interior surface of the grill. 

[0050] Another aspect of the present invention is directed 
to a method of removing an electrode assembly Which 
includes collector and driver electrodes for cleaning. The 
electrode assembly is positioned Within a housing of an 
air-conditioning device, Wherein the housing has an upper 
portion. The method comprising the step of lifting the 
electrode assembly from the housing through the upper 
portion, Wherein the collector electrodes and the driver 
electrodes are accessible. 

[0051] Another aspect of the present invention is directed 
to a method of removing an electrode assembly Which 
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includes collector and driver electrodes for cleaning. The 
electrode assembly is positioned Within a housing of an 
air-conditioning device, Wherein the housing has an upper 
portion. The method comprises the step of lifting the elec 
trode assembly from the housing through the upper portion. 
The method also includes the step of removing the driver 
electrode from the lifted electrode assembly. 

[0052] Another aspect of the present invention is directed 
to a method of cleaning a driver electrode that is positioned 
Within an elongated housing of an air-conditioning device 
Which has a grill that is removable from a side of the 
housing. The method comprises removing the grill from the 
side of the housing, Wherein the driver electrode is at least 
partially exposed. 

[0053] FIGS. 2A and 2B illustrate one embodiment of the 
air conditioner system 100 Whose housing 102 includes 
rear-located intake vents With vent grills or louvers 104, 
front-located exhaust vents With vent grills or louvers 106, 
and a base pedestal 108. The system 100 includes at least 
one emitter electrode 232 and at least one collector electrode 
242, Which is preferably removable as discussed beloW. The 
front and rear grills 104, 106 preferably include several ?ns, 
Whereby each ?n is a thin ridge spaced-apart from the next 
?n so that each ?n creates minimal resistance as air ?oWs 
through the housing 102. In one embodiment, the ?ns are 
arranged vertically and are directed along the elongated 
vertical upstanding housing 102 of the unit 100 (FIG. 6). 
Alternatively, as shoWn in FIGS. 2A and 2B the ?ns are 
perpendicular to the electrodes 232, 242 and are con?gured 
horiZontally. The inlet and outlet ?ns are aligned to give the 
unit a “see through” appearance. Thus, a user can “see 
through” the unit 100 from the inlet to the outlet or vice 
versa. The user Will see no moving parts Within the housing, 
but just a quiet unit that cleans the air passing therethrough. 
Other orientations of ?ns and electrodes are contemplated in 
other embodiments, such as a con?guration in Which the 
user is unable to see through the unit 100, Whereby the unit 
100 contains a germicidal lamp 290 (FIG. 3A) therein. 

[0054] The unit 100 is energiZed by activating sWitch S1 
on the top surface of the housing 102, Whereby high voltage 
or high potential output by the voltage generator 170 pro 
duces ions at the emitter electrode 232 Which are attracted to 
the collector electrodes 242. The ions move from an “IN” to 
an “OUT” direction from the emitter electrodes 232 to the 
collector electrodes 242 and are carried along With air 
molecules. In one embodiment, the device 100 electro 
kinetically produces an out?oW of ioniZed air. In another 
embodiment, the device 100 is an electro-static precipitator, 
Whereby the device 100 produces ions in an air?oW created 
by a fan or other device. The “IN” notation in FIG. 2A 
denotes the intake of ambient air With particulate matter 60 
through the inlet vents. The “OUT” notation in FIG. 2A 
denotes the out?oW of cleaned air through the outlet vent 
substantially devoid of the particulate matter 60. In the 
process of generating the ioniZed air?oW, appropriate 
amounts of oZone (O3) are bene?cially produced. It is 
alternatively desired to provide the inner surface of the 
housing 102 With a shield to reduce detectable electromag 
netic radiation. For example, a metal shield (not shoWn) is 
disposed Within the housing 102, or portions of the interior 
of the housing 102 are alternatively coated With a metallic 
paint to reduce such radiation. 



US 2006/0018809 A1 

[0055] FIG. 3A illustrates an electrical circuit diagram for 
the system 100, according to one embodiment of the present 
invention. The system 100 has an electrical poWer cord that 
plugs into a common electrical Wall socket that provides a 
nominal 110 VAC. An electromagnetic interference (EMI) 
?lter 110 is placed across the incoming nominal 110 VAC 
line to reduce and/or eliminate high frequencies generated 
by the various circuits Within the system 100, such as the 
electronic ballast 112. In one embodiment, the electronic 
ballast 112 is electrically connected to a germicidal lamp 
290 (e. g. an ultraviolet lamp) to regulate, or control, the How 
of current through the lamp 290. AsWitch 218 is used to turn 
the lamp 290 on or off. The EMI Filter 110 is Well knoWn in 
the art and does not require a further description. In another 
embodiment, the system 100 does not include the germicidal 
lamp 290, Whereby the circuit diagram shoWn in FIG. 3A 
Would not include the electronic ballast 112, the germicidal 
lamp 290, nor the sWitch 218 used to operate the germicidal 
lamp 290. 

[0056] The EMI ?lter 110 is coupled to a DC poWer supply 
114. The DC poWer supply 114 is coupled to the ?rst HVS 
170 as Well as the second high voltage poWer source 172. 
The high voltage poWer source can also be referred to as a 
pulse generator. The DC poWer supply 114 is also coupled 
to the micro-controller unit (MCU) 130. The MCU 130 can 
be, for example, a Motorola 68HC908 series micro-control 
ler, available from Motorola. Alternatively, any other type of 
MCU is contemplated. The MCU 130 can receive a signal 
from the sWitch S1 as Well as a boost signal from the boost 
button 216. The MCU 130 also includes an indicator light 
219 Which speci?es When the electrode assembly is ready to 
be cleaned. 

[0057] The DC PoWer Supply 114 is designed to receive 
the incoming nominal 110 VAC and to output a ?rst DC 
voltage (e.g., 160 VDC) to the ?rst HVS 170. The DC PoWer 
Supply 114 voltage (e.g., 160 VDC) is also stepped doWn to 
a second DC voltage (e.g., 12 VDC) for poWering the 
micro-controller unit (MCU) 130, the HVS 172, and other 
internal logic of the system 100. The voltage is stepped 
doWn through a resistor netWork, transformer or other com 
ponent. 

[0058] As shoWn in FIG. 3A, the ?rst HVS 170 is coupled 
to the ?rst electrode set 230 and the second electrode set 240 
to provide a potential difference betWeen the electrode sets. 
In one embodiment, the ?rst HVS 170 is electrically coupled 
to the driver electrode 246, as described above. In addition, 
the ?rst HVS 170 is coupled to the MCU 130, Whereby the 
MCU receives arc sensing signals 128 from the ?rst HVS 
170 and provides loW voltage pulses 120 to the ?rst HVS 
170. Also shoWn in FIG. 3A is the second HVS 172 Which 
provides a voltage to the trailing electrodes 222. In addition, 
the second HVS 172 is coupled to the MCU 130, Whereby 
the MCU receives arc sensing signals 128 from the second 
HVS 172 and provides loW voltage pulses 120 to the second 
HVS 172. 

[0059] In accordance With one embodiment of the present 
invention, the MCU 130 monitors the stepped doWn voltage 
(e.g., about 12 VDC), Which is referred to as the AC voltage 
sense signal 132 in FIG. 3A, to determine if the AC line 
voltage is above or beloW the nominal 110 VAC, and to 
sense changes in the AC line voltage. For example, if a 
nominal 110 VAC increases by 10% to 121 VAC, then the 
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stepped doWn DC voltage Will also increase by 10%. The 
MCU 130 can sense this increase and then reduce the pulse 
Width, duty cycle and/or frequency of the loW voltage pulses 
to maintain the output poWer (provided to the HVS 170) to 
be the same as When the line voltage is at 110 VAC. 
Conversely, When the line voltage drops, the MCU 130 can 
sense this decrease and appropriately increase the pulse 
Width, duty cycle and/or frequency of the loW voltage pulses 
to maintain a constant output poWer. Such voltage adjust 
ment features of the present invention also enable the same 
system 100 to be used in different countries that have 
different nominal voltages than in the United States (e.g., in 
Japan the nominal AC voltage is 100 VAC). 

[0060] FIG. 3B illustrates a schematic block diagram of 
the high voltage poWer supply in accordance With one 
embodiment of the present invention. For the present 
description, the ?rst and second HVSs 170, 172 include the 
same or similar components as that shoWn in FIG. 3B. 
HoWever, it is apparent to one skilled in the art that the ?rst 
and second HVSs 170, 172 are alternatively comprised of 
different components from each other as Well as those shoWn 
in FIG. 3B. 

[0061] In the embodiment shoWn in FIG. 3B, the HVSs 
170, 172 include an electronic sWitch 126, a step-up trans 
former 116 and a voltage multiplier 118. The primary side of 
the step-up transformer 116 receives the DC voltage from 
the DC poWer supply 114. For the ?rst HVS 170, the DC 
voltage received from the DC poWer supply 114 is approxi 
mately 160 Vdc. For the second HVS 172, the DC voltage 
received from the DC poWer supply 114 is approximately 12 
Vdc. An electronic sWitch 126 receives loW voltage pulses 
120 (of perhaps 20-25 KHZ frequency) from the MCU 130. 
Such a sWitch is shoWn as an insulated gate bipolar transistor 
(IGBT) 126. The IGBT 126, or other appropriate sWitch, 
couples the loW voltage pulses 120 from the MCU 130 to the 
input Winding of the step-up transformer 116. The secondary 
Winding of the transformer 116 is coupled to the voltage 
multiplier 118, Which outputs the high voltage pulses to the 
electrode(s). For the ?rst HVS 170, the electrode(s) are the 
emitter and collector electrode sets 230 and 240. For the 
second HVS 172, the electrode(s) are the trailing electrodes 
222. In general, the IGBT 126 operates as an electronic 
on/off sWitch. Such a transistor is Well knoWn in the art and 
does not require a further description. 

[0062] When driven, the ?rst and second HVSs 170, 172 
receive the loW input DC voltage from the DC poWer supply 
114 and the loW voltage pulses from the MCU 130 and 
generate high voltage pulses of preferably at least 5 KV 
peak-to-peak With a repetition rate of about 20 to 25 KHZ. 
The voltage multiplier 118 in the ?rst HVS 170 outputs 
betWeen 5 to 9 KV to the ?rst set of electrodes 230 and 
betWeen —6 to —18 KV to the second set of electrodes 240. 
In the preferred embodiment, the emitter electrodes 232 
receive approximately 5 to 6 KV Whereas the collector 
electrodes 242 receive approximately —9 to —10 KV. The 
voltage multiplier 118 in the second HVS 172 outputs 
approximately —12 KV to the trailing electrodes 222. In one 
embodiment, the driver electrodes 246 are preferably con 
nected to ground. It is Within the scope of the present 
invention for the voltage multiplier 118 to produce greater or 
smaller voltages. The high voltage pulses preferably have a 
duty cycle of about 10%-15%, but may have other duty 
cycles, including a 100% duty cycle. 
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[0063] The MCU 130 is coupled to a control dial S1, as 
discussed above, Which can be set to a LOW, MEDIUM or 
HIGH air?ow setting as shoWn in FIG. 3A. The MCU 130 
controls the amplitude, pulse Width, duty cycle and/or fre 
quency of the loW voltage pulse signal to control the air?oW 
output of the system 100, based on the setting of the control 
dial S1. To increase the air?oW output, the MCU 130 can be 
set to increase the amplitude, pulse Width, frequency and/or 
duty cycle. Conversely, to decrease the air?oW output rate, 
the MCU 130 is able to reduce the amplitude, pulse Width, 
frequency and/or duty cycle. In accordance With one 
embodiment, the loW voltage pulse signal 120 has a ?xed 
pulse Width, frequency and duty cycle for the LOW setting, 
another ?xed pulse Width, frequency and duty cycle for the 
MEDIUM setting, and a further ?xed pulse Width, frequency 
and duty cycle for the HIGH setting. 

[0064] In accordance With one embodiment of the present 
invention, the loW voltage pulse signal 120 modulates 
betWeen a predetermined duration of a “high” air?oW signal 
and a “loW” air?oW signal. It is preferred that the loW 
voltage signal modulates betWeen a predetermined amount 
of time When the air?oW is to be at the greater “high” ?oW 
rate, folloWed by another predetermined amount of time in 
Which the air?oW is to be at the lesser “loW” ?oW rate. This 
is preferably executed by adjusting the voltages provided by 
the ?rst HVS to the ?rst and second sets of electrodes for the 
greater ?oW rate period and the lesser ?oW rate period. This 
produces an acceptable air?oW output While limiting the 
oZone production to acceptable levels, regardless of Whether 
the control dial S1 is set to HIGH, MEDIUM or LOW. For 
example, the “high” air?oW signal can have a pulse Width of 
5 microseconds and a period of 40 microseconds (i.e., a 
12.5% duty cycle), and the “loW” air?oW signal can have a 
pulse Width of 4 microseconds and a period of 40 micro 
seconds (i.e., a 10% duty cycle). 

[0065] In general, the voltage difference betWeen the ?rst 
set 230 and the second set 240 is proportional to the actual 
air?oW output rate of the system 100. Thus, the greater 
voltage differential is created betWeen the ?rst and second 
set electrodes 230, 240 by the “high” air?oW signal, Whereas 
the lesser voltage differential is created betWeen the ?rst and 
second set electrodes 230, 240 by the “loW” air?oW signal. 
In one embodiment, the air?oW signal causes the voltage 
multiplier 118 to provide betWeen 5 and 9 KV to the ?rst set 
electrodes 230 and betWeen —9 and —10 KV to the second set 
electrodes 240. For example, the “high” air?oW signal 
causes the voltage multiplier 118 to provide 5.9 KV to the 
?rst set electrodes 230 and —9.8 KV to the second set 
electrodes 240. In the example, the “loW” air?oW signal 
causes the voltage multiplier 118 to provide 5.3 KV to the 
?rst set electrodes 230 and —9.5 KV to the second set 
electrodes 240. It is Within the scope of the present invention 
for the MCU 130 and the ?rst HVS 170 to produce voltage 
potential differentials betWeen the ?rst and second sets 
electrodes 230 and 240 other than the values provided above 
and is in no Way limited by the values speci?ed. 

[0066] In accordance With the preferred embodiment of 
the present invention, When the control dial S1 is set to 
HIGH, the electrical signal output from the MCU 130 Will 
continuously drive the ?rst HVS 170 and the air?oW, 
Whereby the electrical signal output modulates betWeen the 
“high” and “loW” air?oW signals stated above (eg 2 sec 
onds “high” and 10 seconds “loW”). When the control dial 
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S1 is set to MEDIUM, the electrical signal output from the 
MCU 130 Will cyclically drive the ?rst HVS 170 (i.e. air?oW 
is “On”) for a predetermined amount of time (e.g., 20 
seconds), and then drop to a Zero or a loWer voltage for a 
further predetermined amount of time (e.g., a further 20 
seconds). It is to be noted that the cyclical drive When the 
air?oW is “On” is preferably modulated betWeen the “high” 
and “loW” air?oW signals (eg 2 seconds “high” and 10 
seconds “loW”), as stated above. When the control dial S1 is 
set to LOW, the signal from the MCU 130 Will cyclically 
drive the ?rst HVS 170 (i.e. air?oW is “On”) for a prede 
termined amount of time (e. g., 20 seconds), and then drop to 
a Zero or a loWer voltage for a longer time period (e.g., 80 
seconds). Again, it is to be noted that the cyclical drive When 
the air?oW is “On” is preferably modulated betWeen the 
“high” and “loW” air?oW signals (eg 2 seconds “high” and 
10 seconds “loW”), as stated above. It is Within the scope and 
spirit of the present invention the HIGH, MEDIUM, and 
LOW settings Will drive the ?rst HVS 170 for longer or 
shorter periods of time. It is also contemplated that the cyclic 
drive betWeen “high” and “loW” air?oW signals are dura 
tions and voltages other than that described herein. 

[0067] Cyclically driving air?oW through the system 100 
for a period of time, folloWed by little or no air?oW for 
another period of time (i.e. MEDIUM and LOW settings) 
alloWs the overall air?oW rate through the system 100 to be 
sloWer than When the dial S1 is set to HIGH. In addition, 
cyclical driving reduces the amount of oZone emitted by the 
system since little or no ions are produced during the period 
in Which lesser or no air?oW is being output by the system. 
Further, the duration in Which little or no air?oW is driven 
through the system 100 provides the air already inside the 
system a longer dWell time, thereby increasing particle 
collection ef?ciency. In one embodiment, the long dWell 
time alloWs air to be exposed to a germicidal lamp, if 
present. 

[0068] Regarding the second HVS 172, approximately 12 
volts DC is applied to the second HVS 172 from the DC 
PoWer Supply 114. The second HVS 172 provides a negative 
charge (eg —12 KV) to one or more trailing electrodes 222 
in one embodiment. HoWever, it is contemplated that the 
second HVS 172 provides a voltage in the range of, and 
including, —10 KV to —60 KV in other embodiments. In one 
embodiment, other voltages produced by the second HVS 
172 are contemplated. 

[0069] In one embodiment, the second HVS 172 is con 
trollable independently from the ?rst HVS 170 (as for 
example by the boost button 216) to alloW the user to 
variably increase or decrease the amount of negative ions 
output by the trailing electrodes 222 Without correspond 
ingly increasing or decreasing the amount of voltage pro 
vided to the ?rst and second set of electrodes 230, 240. The 
second HVS 172 thus provides freedom to operate the 
trailing electrodes 222 independently of the remainder of the 
electrode assembly 220 to reduce static electricity, eliminate 
odors and the like. In addition, the second HVS 172 alloWs 
the trailing electrodes 222 to operate at a different duty 
cycle, amplitude, pulse Width, and/or frequency than the 
electrode sets 230 and 240. In one embodiment, the user is 
able to vary the voltage supplied by the second HVS 172 to 
the trailing electrodes 222 at any time by depressing the 
button 216. In one embodiment, the user is able to turn on 
or turn off the second HVS 172, and thus the trailing 
















