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(54) Titlee COMMON MODE NOISE SUPPRESSION OF SWITCH-MODE POWER CONVERTERS BY CAPACITIVE
SHIELD WITH DAMPING NETWORK

FIG. 2

(57) Abstract: A connected light node (CLN) induction light ballast module for powering an induction lamp includes a printed cir -
cuit board having components mounted thereon and an earth ground region electrically isolated from a PCB ground region. A heat
sink is disposed on a lower layer of the printed circuit board and electrically connected to the earth ground region, wherein a parasit-
ic capacitance occurs between the printed circuit board ground region and the heat sink. A capacitive shield sandwiched by a lower
insulating pad and an upper insulating pad is electrically isolated from the heat sink supporting the shield. A damping network elec -
trically connects the capacitive shield to the PCB ground region. Switch-mode power converters are mounted above the upper insu -
lating pad and the shield. The damping network suppresses noise by a parasitic capacitance between the PCB ground region and the
heat sink during high frequency power converter operation.
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COMMON MODE NOISE SUPPRESSION OF SWITCH-MODE POWER
CONVERTERS BY CAPACITIVE SHIELD WITH DAMPING NETWORK

RELATED APPLICATIONS

80081} The present application clamms priority to U.S. Prov. 61/968,786, filed March 21,

2014, the entire content of which 1s hereby mcorporated by reference.
BACKGROUND

[8002] The present mvention relates to electromagnetic compatibility of switch-mode

power converters of a connected hight node mduction light ballast module.

{00031 Federal Communications Comnussion (FCC) rules and regulations comfained
Title 47 mandates standards that require any electromic system with a switchmg device
operating m excess of 9 kHz, for mtentional and vnintentional RF transmitters, re., switching

power systems, to comply with FCC following requurements:

[0004] {A) Conducted Enussion: FCC Part 15 (150 kHz — 30 MHz, Average and Quasi

Peak Limits). Industrial apphications are classified as Class A requirements.

[0005] {B) Conducted Emussion: FCC Part 18 (450 kHz — 30 MHz, for Wireless Light

Modules). Indusirial applications are classified as Class A requirements.

[0006] {Cy Radiated Emusston FCC Part 15 (30 MHz — 1000 MHz, Quast Peak Linuts).

Industrial applications are classtfied as Class A requirements.

[6087] The mvention 1s directed to resolving and mutigating EMI non-conformance with
respect to Conducted Emission and Radiated Enussion requirements per FCC Class A part 15
and part 18 specifications for a connected hight node induction light ballast module providing

power to an mduction lamp.

[o008] Providing a capacitive plate shunt element 1s a concept that has been considered as
a nutigation techique for conducted enussion fatlure by Electromagnetic Compatibility
{EMUC) experts. However, the mclusion of a capacitive shunt plate mcreases radiated
enussion profile and results i radio freguency (RF) noise energy {(spectral shift of RF energy

content fo higher frequencies). More crifically, addition of a capacifive plate shunt element
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may create structural resonances, which will contribuie fo radiated enussion non-compliance.

As a vesult of this, the capactiive plate shunt concept has been avoided.

[0009] Creation of anv unintended structural radiating antenmas, t.e., as a result of a
capaciitve shield or from a metallic enclosure that alters or modifies the magnitude and
dwection of common mode RF curents are 1ssues with regard to EMI non-conformance.
Thus, such factors must be compensated for to obtain Conducted Enussion and Radiated

Emission field Compliance.

(0010} A mtigation device must be adaptable for application to a large variety of high
frequency switching circuits and correlate well with full FCC neaswrements and standards.
The mitigation device and componenis must employ an arrangement o hnut the level of RF
currents on external cables of an induction hight ballast module to ensure filll EMI

compliance as per FCC requirements delineated earlier.
SUMMARY

[6011] {Omne embodiment of the invention resolves and mutigates for a connected light
node (CLN) mduction light ballast module, the presence of EMI non-conformance with
respect to Conducted Emussion and Radiated Enussion reguirements per FCC Class A part 13
and part 18 specifications. The arrangement 1s adapted for RF switching power circmts,
wherein the change of current &4t and change of voltage dvwidr 13 sudden, for example
changing at a frequency of greater than 200 KHz. More specifically, such RF switching
power circuits are the source of high frequency energy, and with a parasitic capacitance
formed between a printed circmt board {(PCB} ground region and an earth ground, which
provides an RF current refurn path for switching frequencies and 1ts entire harmonics. In
some embodiments, the PCB ground region contains high frequency switching current and
voltage waveforms, such as 210 KHz, and harmionics as high as 200 MHz. A parasitic
capacttance of, for mstance, 600 pF with one plate at PCB ground and a second plate at AC
earth ground is, unfortunately an ideal R¥ current path for cirenlation currents. Thervefore, all
AC mput power wires, more spectfically an AC Ground wire, behaves as unustentional
antenna { Antenna Mode) with high Common Mode RF currents {210 kHz and ifs lugher
harmonics up to 200 MHz). The Magmitude of Common Mode Currents would easily exceed
10 mucro amps and at higher frequencies is a potential compliance concern for Conducted RF

Emmssion {150 kHz — 30 MHz) and Radiated Enmssion {30 MHz — 1000 MHz) per FCC Class
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A requirements. Further, output wires from an induction hight ballast module are capable of

perfornung as unmtentional antennas.

[0012] The imnvention ensures that the level of RF cwrrent on CLN mduction light ballast
moduie cables {AC mput. Iamp and all addstional cables) 1s at an RF measured current level
{Im) < 10 nucro amps fo ensure full EMI compliance as per FCC requirements delineated
earlier. By maintaiming such a low cirrent value FCU requirements are met. In addition,
creation of any vnintended structural radiating antennas, 1.€., as a result of a capacitive shield
or from a metallic enclosure that alters or modifies the magnpitade and direction of common
nmiode RF currents are accounted for, thus providing Conducted Enussion and Radiated

Emmssion field Compliance.

[6013] In one embodiment, the invention provides an mduction hight ballast module for
powering an induction lamp comprising: a printed circuit board mcluding an upper laver
partifioned info an earth ground region and a printed circuit board ground region, wherein the
earth ground region is electrically isolated from the pruyted cirentt board ground region; a
heat sink disposed on an opposing lower laver of the printed circuit board and electrically
connected 1o the earth ground region of the printed circnit board, the heat sink dimensioned to
extend bevond at least one outer edge of the printed cucuit board, and wheretn a parasitic
capactiance occurs between the printed circwut board ground region and the beat sk an
alternating current recerving connector and an EMI filter disposed on the earth ground region
of the printed circut board; an elongate capactiive shield sandwiched by a lower msulating
pad and an upper msulating pad provided on the outwardly opposing faces of the capacifive
shield, wherein the capacitive shield and the upper and lower msulating pads are disposed
across a length of the heat sink adjacent fo at least one edge of the printed ciromt board,
wherein the capacitive shield is electrically 1solated from the heat sink by the lower insulating
pad; a damping network electrically connecting the capacitive shield to the printed cirewst
board ground region; a rectifier connected to the EMI filter, wherein the rectifier 1s disposed
on the upper insulating pad adjacent to the capacitive shield and electrically isolated from the
capacifive shield and the beat sink; a power facior correction circust connected to the rectifier
and disposed on the printed circuit board ground region, and mcluding switch-mode power
converters disposed on the upper msulating pad adjacent to the capacitive shield and
electrically 1solated from the capacitive shield and the beat sink; and an output power inverter

circuit connected to the switch-mode power converter, the output power mverter circuit being
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disposed on the printed circust board ground region and mcluding switch-mode power
converters disposed on the upper msulating pad adjacent to the capacitive shield and
electrically 1solated from the capacitive shield and the heat sink, wherein a parasitic
capacifance occurs between the printed cureunit board ground region and the heat smk, and
wherein the capacifive shield and the damping network provide comnmon mode noise

SUPPTession.

[0014] In another embodisent, the nvention provides an induction light ballast module,
wherein the output from the output power myverter cirenit operates at an RF frequeney and the
damping network comprises at least one of a resistor and a ferrite that dampens resonance
and harmonics to muumize meidental RF broadeast by external cables connected to the

mduction hight ballast module

[0015] In another embodiment, the mduction light ballast module inchides a zighee
cacntt for wireless communication with other devices; a flvback circuit for providing power
supply voltages to the power factor correction circwt, the output power inverter crrcut and
the zighee circuit; and a controller for operating the ctreuits and for enabling remote wireless

control of the mduction light ballast module via the zigbee circwmt.

[6016] In another embodunent, the mduction light ballast module provides an ountput
power of between approxumately 300 watts and approxamately 500 watts for driving a lamp
and the upper laver and the lower laver comprise two of fowr lavers of the printed circnit

board.

{0017} In another embodiment, the rectifier comprises a bridge rectifier, and the power
factor correction circuit comprises four switch-mode power converters, wherein the switch-
mode power converters comprise two output power diodes and two field effect fransistors.

The damping network and the capacitive shield nunimize resonant frequencies mcidentally

output by the switch-mode power converters.

[0018] in one embodiment, the mduction hight ballast module mchudes thermally
conducting fasteners securing the power converters and the prited circuif board fo the heat
sink, the fasteners enabling thermal conduction from the power converters to the heat smk.
Further, the mduction light ballast module mcludes grounding fasteners securing the prinfed
cirenit board to the heat sink and electrically connecting the earth gronnd region of the

printed circuit board to the heat sink.
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[0019] in one embodunent, the switch-mode power converters of the power factor
cotrection cucuit comprise two output power diodes and two power factor correction field

etfect transistors.

8020} In another embodiment, the mduction light ballast module mchides a temperanue
sensor for sensing temperature and a confroller for controlling operation of the mduction light
ballast module i response to sensed temperature and the induction hght ballast module

comprises a connected light node induction hight ballast module

(0021} In one embodunent, the mvention provides a connected hight node mduction hight
ballast system comprising: a housing; a connected light node induction light ballast module
disposed m the housing, the conpected light node mduction light ballast module comprising:
a printed cirewit board including an upper laver partitioned into an earth ground region and a
printed circuit board ground region, wherem the earth ground region 15 elecirically isolated
from the prmted circuii board ground region; a heat sink disposed on an opposing lower layer
of the printed circuit board and electrically connected to the earth gronnd region of the
printed circust board, the heat smk dimensioned to extend beyond at least one outer edge of
the printed cirenit board, and wherein a parasitic capacttance ocoirs between the printed
circntf board ground region and the heat sink; an alternating current receiving connector and
an EMI filter disposed on the earth ground region of the printed eircutt board; an elongate
capacifive shield sandwiched by a lower msulating pad and an upper msulating pad provided
on the outwardly opposing faces of the capacitive shield, wherein the capacitive shield and
the upper and lower mnsulating pads are disposed across a length of the heatf sink adjacent at
least one edge of the printed circuit board, wherein the capacitive shield 15 electrically
isolated from the heat sink by the lower msulating pad; a damping network elecirically
connecting the capacitive shield to the printed cirentt board ground region; a rectifier
connected 1o the EMI filter, wherein the rectifier 13 disposed on the upper insulating pad
adjacent 1o the capacitive shield and electrically 1solated from the capacitive shield and the
heat sink; a power factor correction circuit connected to the rectifier and disposed on the
printed circust board ground region, and mchiding switch-mode power converters disposed on
the upper insulating pad adjacent to the capacitive shield and electrically tsolated from the
capacitive shield and the heat sink; and an output power mverter circuit counected to the
switch-mode power converter. the output power mverter eircuit being disposed on the printed

circuit board ground region and mchuding switch-mode power converters disposed on the



WO 2015/142375 PCT/US2014/042506

upper msulating pad adjacent to the capacifive shield and electrically isolated from the
capacitive shield and the heat sink. The connected light node induction hight ballast system
also meludes an mduction lamp secured to a bottom of the housing and controlled by the
connected light node mduction light ballast module, whereimn a parasitic capacitance occurs
between the printed circwut board ground region and the beat sink, and wherein the capacitive

shield and the dampimg network provide contmnon mode noise suppression.

{0022} In another embodiment, the output from the ouiput power nverter circust of the
mduction hight ballast system operates at an RF frequency of greater than 200 KHz for

powermg the induction lanip.

{00231 Other aspects of the wvention will become apparent by consideration of the

detailed description and accompanymg drawmgs.
BRIEF DESCRIPTION OF THE DRAWINGS

{6024] Fig. 1 15 a top view of a printed circuit board and components of a connected hight

node mduction light ballast module.

[6025] Fig. 2 1s a perspective view of the printed circut board disassembled from a heat

siiik and a capacitive shield.
[0026] Fig. 3 1s a bottom view of the capacttive shield.

(00271 Fig. 4 15 a perspeciive partial view of the printed ctreust board with components

and the heat sink.
[0028] Fig. 5 13 a top partial view of the printed circwst board and a damping network.

[8029] Fig. 6 13 a block diagram and flowchart for the connected light node mduction

Light ballast module.

{0030} Fig. 7 1s a block diagram of a processor connected to associated circuts of the

induction light ballast module.

[6031] Fig. B 15 a block diagram of the connected light node induction light ballast

module and devices commected therefo.
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[0032] Fig. 9 shows a perspective view of connected light node induction hight ballast

systeni.

-

[0033] Fig. 10 shows another perspective view of connected hight node induction light

ballast system.
DETAILED DESCRIPTION

[0034] Before any embodiments of the invention are explamed n detail, 1t 1s to be
understoed that the mwvention is not lnnited 1 1ts application to the details of constrmction and
the arrangement of components set forth m the followmg description or illustrated n the
followmg drawmgs. The mvention is capable of other embodiments and of being practiced

or of being carried ouf 1 various ways

[8035] Fig. 1 shows major components of a CLN induction hight ballast module 20 that,
m sonie embodiments, acts as a switching power device operating at 210 KHz switching
frequency. The arrangement shown i Fig. 1 meludes a printed ctreuit board 22 divided mto
an earth ground region 24 and a printed civcut board {PCUB) ground region 26. In one
embodiment, the printed circuit board 1s a fowr layer board mclnding an upper laver recetving
the components as illustrated n Fig. 1. A printed circuwt board lower layver {not shown) 1s a
sold copper providmg a return plane i one embodiment. The muer layers {not shown) are
dedicated to signal and power nets for best EMI practices to reduce crosstalk and provide

optimum signal infegrity.

[0036] As shown m Fig. 1, the printed circutf board 22 mcludes a front edge 28 and a rear
edge 30, Further, the printed cirewst board 22 mchades earth ground region apertures 32, 34

and PCB ground region apertures 36, 38, 40.

{0037} The mduction hight ballast module 20 of Fig. 1 includes a plurality of components
mounted onto the top layver of the printed circuat board 22, The components include an AC
power supply connector 30 for recetving a mains power supply cable mclrding an AC
voltage wire and an AC neutral wire from an AC mams power supply {(not shown). Further,
an AC ground wire commector 32 15 disposed on the priyted carentt board 22 for recetving a

ground wire of the AC mams power supply.
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[0038] The imnduction hight ballast module 20 mcludes an eleciromagnetic mterference
{EMI) filter 60 labeled in broken line as a box containing a plurality of components mchiding
capacttors and mductors. The EMI filter 15 mounted to the earth ground region 24 of the

printed circust board 22 and operates m a known manner.

[0039] The mduction light ballast module 20 mcludes an active power factor correction
{PF() crrcut 70 mounted to the PCB ground region 26 of the printed circnit board 22, The
power factor correction circutt 70 micludes capacitors and various components and operates in

a known manner.

[0040] The induction light ballast module 20 includes a lower power fivback circuit 80
niounted to the PCB ground region 26 of the printed circust board 22. The flvback circuit 80
provides a power supply voltage to the PFC circuit 70, an output power inverter circuit 90
and a zigbee circust 100, The flyback circmit 80 mcludes various electrical components and

operates in a known manner.

(0041} The output power mverter circutf 90 of the mduction light ballast module 20 15
mounted to the PCB ground region 26 of the printed circuit board 22. The owtput power
wmverter circwit 90 includes various electrical components and operates m a known manner to

provide an outpwt voltage to a lamp.

[0042] A 2.4 GHz Zigbee cirawt 100 of the induction light ballast module 20 is mounted
to the PCB ground region 26 of the printed cucuit board 22, The Zigbee circuit 100 mcludes
a printed circurt 102 that provides for wireless conumunication with other devices. Further, a
nucroprocessor {not shown in Fig. 1) is disposed in or near the broken line box 100 defining
the Zigbee circuit. The microprocessor controls the operation of the induction light ballast

module 20.

[0043] The induction hight ballast module 20 mcludes a plurality of power converters,
mcluding switch-mode power converters. The power converters include a bridge rectifier
110. The power factor correction cireuit 70 includes or 1s associated with a pair of converters
comprising PFC field effect transistors (FETs) 112, 114 and a pair of PFC power diodes 116,
118. Further, the output power mverter cirenit 90 meludes or 13 assoctated with a paw of
output power wmverter field effect fransistors (FETs) 120, 122, Other types of transistors and

power converters are contemplated.
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[0044] Fig. 2 shows the CLN induction light ballast module 20 including a heat sink 130.
The heat sink 130 mcludes fastener recerving elements 132, 134 and a heat smk rear region
136 extendmg outwardly and rearwardly beyond the rear edge 30 of the printed circnit board
22. For safety, the heat sink 130 s electrically bonded to chassis ground, an AC ground wure
jomed to the AC ground wire connector 32, The electrical bonding 13 essential for the

prevention of electrical shock.

[0045] Fig. 2 shows an upper SIL pad 140 and a lower SIL pad 142 that act as msulating
pads smrounding or enclosing an elongate capacttive shield 150, The capacitive shield 136
mecludes a mountmg aperture 152 and an electrical connector element 154 projecting
outwardly. The electrical connector element 134 15 also defined by with parallel opposing
slots 136, 138 extendmg into the capacitive shield 150 as shown 1 Fig. 3. The capacitive

shield 150 13 a thin conductive metal plate made from copper or other conductive materials.

[0046] Fig. 4 shows a tool 159 hifting upwardly a portion of the upper SIL pad 140 to
show the capactiive shield 15¢ disposed on the lower SIL pad 142, Thus, Fig. 4 shows the
lower SIL pad 142 s i surface-to-surface contact with the heat sink rear region 136. Fig. 4
also shows how the capacitive shield 150 1s disposed with a first surface contacting the
opposing surface of the lower SIL pad 142 and a second opposing surface contaciing a
surface of the upper SIL pad 140, While the heat sink rear region 136 in Fig. 4 1s shown as a
metal plate secured to a portion of the beat sink 130, 1 some emboduments, the heat sk and
the heat sink rear region 136 are a monolithic structure. Fig. 4 also shows the output inverter
FETs 120, 122 secured to the upper SIL pad 140, and thus msulated from the capacitive

shield 154.

[0047] As shown in Figs. 1 and 2, the rectifier 110 and the power converters 112, 114,

116, 118, 120, 122 are mounted to the upper SIL pad 140.

[0048] Fig. 5 15 an expanded view of the left top corner of Fig. 1 illustrating a dampmg
network 160 that includes a resistor 162 electrically connected to the electrical connector
elenment 154 and a wire 164 electrically connected to the PCB ground region 26 of the printed
circuit board 22. The network 160 micludes a ferrite or other elements in different

embodiments. The resistor 162 hias a value of about 10 chms in some emibodiments.

[0049] Retuwrning to Fig. 2. fasteners 172, 174 provide an electrical and a thermal

connection between the AC ground wire connector 32 via a printed circutt withun the printed
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circnif board 22. Thus, an AC earth ground wire of an AC power supply to the mduction
light ballast module 20 provides an earth ground to the earth ground region 24 of the printed

cirenit board 22 and to the heat sink 130 supporting the printed ciremt board.

[8050] Fig. 2 shows a pair of fasteners 176, 178 that secure the printed cirentt board 22 to
the heat smk 130, While the fasteners 176, 178 provide a thermal connection, there 1s no

electrical ground connection between the printed cirenit board 22 and the heat sk 130,

[6051] Figs. 2 and 3 show a plarality of fasteners 180 and plates 182 that secure the SIL
pads 140, 142, the capacitive shield 150, the bridge rectifier 110, and the power converters
112, 114, 116, 118, 120, 122 to the heat sink 130 through receiving elements {not shown}
provided therein. The fasteners 180 provide a therinal connection between the power
converters and the heat sink 130, No electrical ground connection is provided between any of
the power converters, the capacitive shield 130, the SIL pads with each other or with the heat
stk 130. Thus, the PCB ground region 22 acis as a reference plane for the active PFC circut
70, the output power mverter circwt 90, the fiyback circuit 80 and the 2.4 GHz Zigbee cucut

100. The earth ground region 24 15 electrically 1solated from PCB ground region 22.

[0052] Fig. 6 illustrates the block diagram of the operation of the CLN induction hight
ballast module 2¢. The arrangement 15 based on the mtegration of capacitive shield 150 with
the damping network 160 1 active power factor correction. Fig. & shows a single phase AC
building mains power supply 188 that supplies AC power to the EMI filter circnut 6¢. The
EMI filter circuit 60 provides the power to the full-wave bridge rectifier 110, The full-wave
bridge rectifier 110 provides DC voltage to the active PFC circwt 70, The PFC circmt 70
provides power fo the flyback circutt 80 and to the power woverter circuit 90, The flvback
cirenit 80 provides power to a controller and auxihiary loads 190, The power inverter circust

90 provides a high frequency AC power at 200-400 KHz to an mduction lamp 200

-

[B053] Fig. 7 shows a processor 210 for the CLN mduction hight ballast modale 20.
ASIC, microprocessors and other types of controllers are also contemplated. The processor
210 15 m two way wireless communication with other wireless lamps and other devices via
the Zigbee antenna 102. Further, the processor 210 recetves power from the flvback circust
80 and controls operation of the PFC cirenit 7¢ and the power mverter cireutt 94, The
processor 210 recerves wputs from a temperature sensor 216 and an ambient Light sensor 22

and an isolated dimmer circuit 224, Further, i some embodiments the processor 210 controls

10
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an auxiliary heater 230 of the ipduction lamp 200 and conumunicates with auxiliary sensors
234. Thus, the processor 210 confrols the power oufput by the induction light ballast module
20 m view of many factors. Fig. & shows the mputs and outputs of the mduction light ballast
module 20 and a defailed explanation 1s nof necessary. The resistor load represents the
auxiliary heater 234 shown in Fig. 7 for heating the induction lamp 200 to enable proper

operation thereof.
[0054] DETERMINING THE DAMPING NETWORK

[0055] In operation, the power converters 112, 114, 116, 118, 120, 122 of the CLN
mduction hight ballast module 20 strongly mfluence and generate RF energy, mecludimg
vartous high frequency signals and thermal energy. In some embodiments, the output power
requirements range from 300 Watts to 500 Watts with effictency in excess of 90%. The lugh
frequency signals, and barmonics of signals processed by the power converters, must not
mcidentally broadeast via the A/C put wires providing power to the CLN mduction hght
ballast module 20 due to the A'C mput wires acting as an antenna. Further, suntlar high
frequency voltage signals must not mcidentally broadcast via the output power wirves 236,
238 of the CLN mduction hight ballast module 20 illustrated m Fig. 4. The output power
wires 236, 238 connect to the mduction lamp 200. Additional wires {not shown) provide

power to an auxiliary heater must not broadeast RF signals.

[8056] The operation includes providhing the capaciirve shield 156 to the mduction hight
ballast module 20 1 combination with a specific damping network 160, Measuning the
impedance of the capacitive shield 150 with respect to the PCB Ground 26 and the earth
ground region 24 corresponding to the heat sink 130 enables determunation of resonance(s) of
the mmpedance of the capacitive shield to assist m determinmg/calculating of & damping
network “resistive” and/or, a frequency dependent device, 1.e., “ferrite” for damping the RF
energy. Thus, for example, the damping nefwork mounted on the PCB ground region may
comprise a 0663 SMD resistor, 8603 Ferrite (MuRata BLM sertes ferrite), or a resistor-ferrite
combination placed in series between the capactiive shield 150 and the PCB ground region

[B057] In regard to thermal management, the fasteners 180 and the plates 182 allow the

transfer of thermal energy from the high power, power converters to the heat sink 130

11
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grounded to the earth ground region 24. Other high temperature components are also

thermally connected to the heat sink 130

[0058] Fig. 9 shows an induction hight ballast system 240 mcluding an induction light
ballast module housing 2440 that contams the CLN mduction hight ballast module 20, An
mduction lamp 200 1s secnred to the lower edge of the housmg 240, The induction lamp 200
transmits hight downwardly and away from the housing 240, Fig. 10 better iHlustrates the

mduction lamp 200, which 1 some embodiments, contains a donut-shaped fluorescent bulb.

[0059] The invention provides, among other things, a capacitive shield and damping
network for conunon mode noise suppression for switch-mode power converters operating at
an RF frequency. Various features and advantages of the mnvention are set forth in the

followmg clamms.
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CLAIMS

What is clammed is:

i An mnduction light ballast module for powermng an mduction lamp comprising:

a prated circuit board meluding an upper laver partitioned mto an earth ground region
and a printed circutf board ground region, wherem the earth ground region 1s elecirically
1solated from the printed cireuit board ground region;

a heat sink disposed on an opposing lower laver of the printed circuit board
and electrically connected to the earth ground region of the printed cirenit board, the heat sink
dimensioned fo extend beyvond at least one outer edge of the printed circuit board, and
wherein a parasitic capacitance occurs between the printed civemit board ground region and
the heat sink;

an alternating cuerent recerving connector and an EMI filter disposed on the earth
sround region of the printed circuit board;

an elongate capacitive shield sandwiched by a lower msulating pad and an upper
msulating pad provided on the cutwardly opposing faces of the capacttive shield, wherein the
capacifive shield and the upper and lower msulating pads are disposed across a length of the
heat sink adjacent the at least one edge of the printed circwit board, wherein the capacitive
shield 1s electrically 1solated from the heat sink by the lower msulating pad;

a damping network electrically connecting the capacitive shield to the printed curowt
board ground region;

a rectifter connected to the EMI filter, wherein the rectifier is disposed on the upper
msulating pad adjacent the capacifive shield and elecirically 1solafed from the capacitive
shield and the heat sink;

a power factor correction circust connected to the rectifier and disposed on the printed
circuit board ground region, and including switch-mode power converters disposed on the
upper msulating pad adjacent the capacitive shield and electrically isolated from the
capacitive shield and the heat smk; and

an output power inverter circnit connected to the switch-mode power converter, the
output power mverter circuii being disposed on the printed creust board ground region and
inchiding switch-mode power converters disposed on the upper insulating pad adjacent the

capacitive shield and electrically 1solated from the capacitive shield and the heat sink,
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wherein a parasitic capactiance occurs between the printed circuit board ground
region and the heat sink, and wherein the capacitive shield and the damping network provide

conunion mode noise SUPPression.

2. The wnduction hight ballast module of claim 1. wheremn the outpwt from the output
power mverter circuit operates at an RF frequency and the damping network comprises at
least one of a resistor and a ferrite that dampens resonance and harmonics to minimize

mcidental RY broadcast by external cables connected 1o the induction hight ballast module.

"ad

The induction light ballast module of clamm 2, further comprising:

a zighee cirentt for wireless conumunication with other devices:

a flyback cureut for providing power supply voliages to the power factor correction
circuit, the output power mverter circuut and the zighee circuit; and

a controller for operating the circuits and for enabling remote wireless control of the

induction hight ballast module via the zighee circut.

4. The induction light ballast module of clamm 1, providing an output power of between

approximately 308 watts and approximately 500 watts for driving a lamp.

5. The winduction hight ballast module of claim 1, wherein the upper laver and the lower

laver comiprise two of four lavers of the printed crrcuit beard.

6. The wmduction hight ballast module of clamm 1, wherewn the rectifier comprises a bridge
rectifier, the switch-mode power converters of the power factor correction circuit comprise
four switch-mode power converters, and the switch-mode power converters of the output

mvertor crrcwt comprise two switch-mode power converters.

7. The wnduction hight ballast module of claim 1, wheremn the damping network and the
capacifive shield mintmize resonant frequencies mcidentally output by the swiich-mode

power converters.

8. The induction light ballast module of clanm i, wherein the switch-mode power

converters comprise output power diodes and field effect fransistors.

9. The induction light ballast module of clamm 1, firther comprising thermally
conducting fasteners securing the power converters and the printed circust board to the heat

sink, the fasteners enabling thermal conduction from the power converters to the heat sink.

14



WO 2015/142375 PCT/US2014/042506

10,  The induction light ballast module of claim 9, further comprising grounding fasfeners
securmg the prited circurt board fo the heat sink and electrically connecting the earth ground

region of the printed civcuit board to the heat sink.

11, The wnduction hight ballast module of claim 1. wherem the switch-mode power
converters of the power factor correction circuit comprise two output power diodes and two

power factor correction field effect fransistors.

12, The induction light ballast module of clamm |, fiwther comprising a temperatiwe sensor
for sensing temperature and a confroller for controlling operation of the mduction light ballast

moduie in response to sensed temperatue.

13.  The wnduction hight ballast module of claim 1. wherein the induction light ballast

nmodule comprises a connected light nede induction hight ballast module.

i4. A connected hight node mduction light ballast system comprising:
a housing;
a connected hight node mduction hight batlast module disposed n the housing, the

connected light node induction light ballast module comprismg:

a printed circutt board including an upper laver partitioned mito an earth
ground region and a printed circut board ground region, wherem the earth ground

region s electrically isolated from the printed cireuit board ground region;

a heat sink disposed on an opposing lower layer of the printed circuit beard
and electrically connected to the earth ground region of the printed circuit board, the
heat smk dimensioned to extend beyond at feast one outer edge of the printed crrcuit
board, and wheremn a parasitic capacitance occurs between the printed cireuit board

ground region and the heat sk

an alternatimg current receiving connector and an EMI filter disposed on the

earth ground region of the printed cirewst board;

an elongate capacitive shield sandwiched by a lower msulatmg pad and an
npper insulating pad provided on the outwardly opposing faces of the capacitive
shield, wherein the capacitive shield and the upper and lower msulating pads are

disposed across a length of the heat sk adjacent the at least one edge of the printed

15
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ctreuit board, wherein the capacitive shield s electrically iselated from the beat sink

by the lower msulatmg pad;

a damping network elecirically connecting the capacitive shield to the printed

circnit board ground region;

a rectifier connected to the EMI filter, wherem the rectifier 1s disposed on the
upper msulating pad adjacent the capactiive shield and elecirically 1solated from the

capacttive shield and the heat sink;

a power factor correction circuit connected to the rectifier and disposed on the
printed circuit board ground regton, and mcluding switch-mode power converters
disposed on the upper msulating pad adjacent the capacitive shield and electrically

isolated from the capacitive shield and the heat sink; and

an output power mverter circuit connected to the switch-mode power

converter, the output power inverter circutt bemg disposed on the printed cweunt board

growyd region and mcludmye switch-mode power converters disposed on the upper

msulating pad adjacent the capacitive shield and electuically 1solated from the

capacitive shield and the heat sink,

and

an mduction lamp secured to a bottom of the housing and controlled by the connected
light node mduction light ballast module,

wherein a parasitic capacitance occurs between the printed cirenit board ground
region and the heat sk, and wherem the capacitive shield and the damping network provide

common maode nolse SUppression.

15,  The induction hight ballast system of claim 14, wheremn the output from the output
power mverter circuit operates at an R¥F frequency of greater than 200 KHz for powering the

mduction lamp.

16,  The induction light ballast system of claim 14, wherem the output from the output
power mverter circuit operates at an RF frequency and the damping network comprises at
least one of a resistor and a ferrite that dampens resonance and harmonics to mudmize

ncrdental RF broadeast by external cables connected to the induction hight ballast module.
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17.  The induction light ballast systen: of claim 14, wherem the damping network and the
capacitive shield nunimize resonant frequencies incidentally output by the switch-mode

power convertars.

18,  The wduction light ballast system of claim 14, wherem the connected light node
mduction light ballast module further comprises a temperature sensor for sensing temperature
and a controller for controlling operation of the mduction light ballast module in response to

sensed femperature.

19, The induction light ballast systenm: of claim 14, wheremn the mduction light ballast

moduie further comprises:
a zighee cirentt for wireless conumunication with other devices:

a flyback cwout for providing power supply voltages to the power factor correction

circuit, the output power mverter circuut and the zighee circuit; and

a controller for operating the circuits and for enabling remote wireless control of the

mduction hight ballast module via the zighee circutt

17
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