HIGH VOLTAGE HIGH SIDE TRANSISTOR DRIVER
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This
application claims the benefit of U.S. Provisional Application No.
60/720,866, filed on September 27, 2005. The disclosure of the above
application is incorporated herein by reference in its entirety. FIELD
[0002] The present disclosure relates to high-side transistor drivers, and

more particulaylkgto,higheliags, @@%%ﬁg@iﬁ&{ BLE{E\%% drive a

BACKGROUND [0003] High side transistor drivers are
high side transistor that is connected to a positive supply and is floating
(i.e., that is not ground-referenced). The transistor may be a MOSFET

(metal oxide CSRAREORBGEBERIE afte REtaxREoLPoL AnAG BT §insulated
gate bipolar_ transistor). High side transistors may require a voltage

translafS? Hom Higveirhimting desRimsudheas lzehigih voltagedevestidiens|
kloating transistars,such as, the high side transistors may be difficult to
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T R Y, FsBar SRS PoR (6 H6. Tharsisismptary tr
HBORASIO MR G GLIE 1 Q, ) wn. The transistor driver circuit 10
includesg high side trapr?sirsbﬁgfﬂ%egaﬁ e [8%’&'&%%\‘%%&%(%. A high side
transistor driver 16 is connected to a gate 18 of the high side transistor 12
and selectively turns the high side transistor 12 ON 1 and OFF. A low

side transistor driver 20 is connecteggtpra gate 22 of the low side

transistor 14 and selectively turns the low side transistor 14 ON and OFF.
0 The present disclosure relates to high-side transistor drivers

and more particularly to a high voltage, high-side transistor driver.

BACKGROUND

[0003] High side transistor drivers are used to drive a high side
transistor that is connected to a positive supply and is floating (i.e., that is not
ground-referenced). The transistor may be a MOSFET (metal oxide
semiconductor field effect transistor) or an IGBT (insulated gate bipolar
transistor). High side transistors may require a voltage translation from a level
shifting device such as a high voltage level shifter. Floating transistors such as
the high side transistors may be difficult to tum ON and OFF quickly.

[0004] Referring now to FIG. 1, an exemplary transisfor driver circuit 10
is shown. The transistor driver circuit 10 includes a high side transistor 12 and a
low side transistor 14. A high side transistor driver 16 is connected to a gate 18

of the high side transistor 12 and selectively turns the high side transistor 12 ON



The high side transistor driver 16 and the low side transistor driver 20 may
be integrated in a transistor driver module 24. For example, the drivers 16
and 20 turn the transistors 12 and 14 ON and OFF to vary current and/or
voltage to an output node 26 according to input signals 28 and 30. [0005]
Referring now to FIG. 2, an exemplary arrangement of the high side
transistor 12 and .the high side transistor driver 16 is shown in more

theEhe, ignal 28.is input to the high side transistor driver 16
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theshigh yeltaoslavel sshifierA0imay include a high voltage transistor.
Although only a single high Sﬂsﬁage tr@r%s?étt%rsiges?#c?v%’%%&iﬁo%@l ﬂﬂanFF'

Voktaygfiransistarsisiay heaesessanthio IPamenL RahiohRliage level
shifter 40. Typically, integration of multiple high voltage transistors with

BUsEFAtRA Voleatiereistnistover(modstiown) drothex-sapne die mankerdificulso
0006] Further, for certain applications (e.g., such as fluorescent ballast
0FS) OIERjerstidsansk tABA 600" Vielteanyayurerdppiider tactheybighan
nsistors, Circuitry of the high side transistor driver 16 needs to
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maximum of 50 kHz.

voltage level shifter 40 and an inverter 42. For example, the high voltage level
shifter 40 may include a high voltage transistor. Although only a single high
voltage transistor is shown, additional high voltage transistors may be necessary
to implement the high voltage level shifter 40. Typically, integration of multiple
high voltage transistors with other low voltage transistors (not shown) on the
same die may be difficult.

[0006]  Further, for certain applications (e.g., such as fluorescent
ballast drivers), voltage stress of more than 600 volts may be applied to the high
voltage transistors. Circuitry of the high side transistor driver 16 needs to be able
to float above ground by a similar voltage level. As a result, specialty
semiconductor processes, such as thick oxide SOl (silicon-on-insulator)
processes, may be used. However, because of the large junction capacitances

of high voltage transistors, the resulting circuit is typically quite slow. For



SUMMARY [0007] A high side transistor driver comprises A sender
module that generates a power input signal. A converter module receives
the power input signal and generates an output signal that has a higher
voltage than the power input signal. A receiver module receives the
output signal and the power input signal and transitions a transistor
between ON and OFF states based on the output signal and the power
énB @aq%%l 0 In pther features of the inventjon, the converter
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sesvasterimetslle ingudesarectin thathcommypicates with the
transformer and generates the output signal. The power input signal
includes an embedded signal that indicates a desired state of the
transistor. The receiver module detects the embedded signal and
transitions the transistor based &iid/émbiedded signal. The power input
signal has a first frequency and a second frequency that is lower than the
first fréglehcy, vihBidnsre Laasisirrshivenspinpisess thengwbeddet: that
ignal,. [0009] In other features of the invention, the high side transistor
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second receiver module is located on a low \57]0 tefa?geeeré?/ ﬁé%(’}etﬁeaﬁi “shgee"
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second receiver module 3 receives the status signal. The status signal IS
sgneatdns dfandiiass ondransistohdreoirmiit CoNCoNDRR evesderapeiatiyehe

condition, and a Polarity of a
output signal and the power input signal.

[0008]  In other features of the invention, the converter module includes
a transformer that receives the power input signal. The converter module
includes a rectifier that communicates with the transformer and generates the
output signal. The power input signal includes an embedded signal that indicates
a desired state of the transistor. The receiver module detects the embedded
signal and transitions the transistor based on the embedded signal. The power
input signal has a first frequency and a second frequency that is lower than the
first frequency, wherein the second frequency indicates the embedded signal,

[0009] In other features of the invention, the high side transistor driver
comprises a second receiver module, wherein the receiver module is located on
a high voltage side of the high side transistor driver and the second receiver
module is located on a low voltage side of the high side transistor driver. The

receiver module generates a status signal and the second receiver module



transformer in communication with the converter module. [0010] In other
features of the invention, an oscillator generates an oscillation signal. A
digital state machine generates the power input signal in response to the
oscillation signal, The high side transistor driver further comprises a

digital interpolator. [0011] In other features of the invention, a ballast for a
fluorescent light comprises the high side transistor driver. The ballast
provides current and/or voltage to the fluorescent light based on the state
OFTRE Tai istoriuR SRRt Iddie FHdasIsignelutsels dhm bendéramedelesiEher &
ceRvertgr mod A%éwlen%ents a tDC/DC converter and the sender module
synchronizes the DCIDE cONEEMPTRRHHE eiABdliaed arfha. Phiefovner a

inprdrsianal ineHidesniass, eneegi nd power delivery components.
[0012] In other features of the ﬁ\%ﬁ%ﬁw a e|'g”;W%ﬁjd’gatransistor driver
compries 8] convesteemedelesinguding g Lapsiormer receives a
power _inpu_t signal and generates an output sigﬁalgghgtg%ﬁgtgrh?geﬁeefates an
PERBlgHh ot phwieitaipstbsignatiiveigprcraRAuladnciges a, signal in
transformer that receives a driver input signal and generates a driver
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%If%almdu%}%ﬁgglses' receiver module receives the output signal and

& driver SIGIAPAIMIYRII&IAbNs a transistor between ON and OFF states

based 0 ignal.and the driver signal. A delay matching
modultgB 253@ algggﬁg%ﬁ@f&&%ﬂ%@@%ﬁ%ﬁé}@ﬁﬁ%ﬁ@ayﬁwresaent light

com@ﬁpeﬁdﬁetm@M%ayé;{st%mmg_deﬁ%ngiqpr driver., The sender
module generates a time atiast ‘provides current and/or
voltage to the fluorescent light based on the state of the transistor. A ballast logic

module includes the sender module. The converter module implements a
DC/DC converter and the sender module synchronizes the DC/DC converter with
the embedded signal. The power input signal includes phase encoding and
power delivery components.

[0012] In other features of the invention, a high side transistor driver
comprises a converter module including a transformer that receives a power
input signal and generates an output signal that has a higher voltage than the
power input signal. An input module includes a transformer that receives a driver
input signal and generates a driver signal in response to the driver input signal,
wherein the driver input signal includes pulses. A receiver module receives the
output signal and the driver signal and transitions a transistor between ON and
OFF states based on the output signal and the driver signal. A delay matching

module adds a delay to a low side transistor, wherein the delay corresponds to a



allocation signal that indicates when the second receiver module is
operable to receive the status signal. [0013] A high side transistor driver
comprises sending means for generating a power input signal, converting
means for receiving the power input signal and generating an output
signal that has a higher voltage than the power input signal, and receiving
means for receiving the output signal and the power input signal and for

trar 'ti&ntifgg & t[_\ans'st r between ON and OFF states based on the
output signal and e pEWERIRp S ¥fnall Ts03aTda ot feateresuéthe time
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ceraveitieates wishyiae transformer and generates the output signal. The
power input signal includes an embedded signal that indicates a desired
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and transitions the transistor based on the embedded signal. The power
FPIRIEaR QY arfiRRYr SifLihcsoaveringetead drizd wersyitaahis JRWeF input
ghan }he first freq,uency, wherein the second frequency indicates the
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[0014]  In other features of the invention, the converting means includes
a transformer that receives the power input signal. The converting means
includes a rectifier that communicates with the transformer and generates the
output signal. The power input signal includes an embedded signal that indicates
a des_ired state of the transistor. The receiving means detects the embedded
signal and transitions the transistor based on the embedded signal. The power
input signal has a first frequency and a second frequency that is lower than the
first frequency, wherein the second frequency indicates the embedded signal

[0015]  In other features of the invention, the high side transistor driver
further comprises second receiving means for receiving a status signal, wherein
the receiving means is located on a high voltage side of the high side transistor
driver and the second receiving means is located on a low voltage side of the

high side transistor driver. The receiving means generates the status signal

The status signal is indicative of at least one of a short circujt condition, an over



temperature condition, and a polarity of a transformer in communication
with the converting means. [0016] In other features of the invention, the
high side transistor driver further comprises oscillating means for
generating an oscillation signal and digital state machine means for
generating the power input signal in response to the oscillation signal.
The high side transistor driver further comprises digital interpolating
meeangrg% inccgena e’n an output frequency resolution. [0017] In‘other
featiires of the Ihvertio ARGt YorfrriRmeissatsy lig o mompiists theith the
high side draasistor driver. The ballast provides current and/or voltage to

the fluorescent light based on the state of the transistor, The converter

moduledmpipments & DGARG conyarier nding means
synchronizegE the DC/DC converte?%th@%&@rﬁééﬁggga% sfégl%lt.raf%sésb%vgéw er

ihpltsignalinetsdes:iphagereaeadingsane-aaMeEs S8 INAR SOMPONCNS igital
[0018] In other features of the invention, a high side transistor driver
CORtPrises Evhverang faeansdratiodineatvansionmersignie e baghAROWehe
inguh %,i nal and generating an output signal that has a higher voltage
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receiving.a driver input _signal and generating a driver signal in response
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and regep4ng meaps for W ; ignal and the driver signal
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themutpet signalginditeetdivetsignaleT herhigh1ide BRORISOLIIVE! 2rd/or
further comprises delay matching means for adding a delay to a low side
tYRA2RRAP, Ivh Ersife serd iy basreisportis ttat delay 0B ReHIONSI  onvertar
module implements a DC/DC converter and the sending means synchronizes the
DC/DC converter with the embedded signal. The power input signal includes
phase encoding and power delivery components.

[0018] In other features of the inventibn, a high side transistor driver
comprises converting means including a transformer for receiving a power input
signal and generating an output signal that has a higher voltage than the power
input signal, input means including a transformer for receiving a driver input
signal and generating a driver signal in response to the driver input signal,
wherein the driver input signal includes pulses, and receiving means for receiving
the output signal and the driver signal and for transitioning a transistor between
ON and OFF states based on the output signal and the driver signal. The high

side transistor driver further comprises delay matching means for adding a delay

to a low side transistor, wherein the delay corresponds to a delay of the high side



6 transistor driver. The sending means generates a time allocation signal
that indicates when the second receiving means is operable to receive

the status signal. [0019] A method for driving a high side transistor in a
circuit comprises generating a power input signal, receiving the power
input signal and generating an output signal that has a higher voltage
than the power input signal at a first module, receiving the output signal
and the power input signal at a second module, and transitioning a
RO r BRETeeh BN HHINO FRcSRcs BssRiG DIF thie coativaatignal auat that
i;]hmelcg wer 'rgg}u%ségg%. L%OZOC] In. other features of the invention, the step of
recenving the ' power nput Signal it tRE TSt thoaGIe MflFuErcrive iVigsRE!s
HENEr input signal at a transformer. The power input signal is rectified at
the first module. The power input signal includes an embedded signal that

indicafes mplesikeairie o heiNRRINAr siliBeaAReddadSignaliSomprises
detected and the transistor is transitioned based on the embedded signal.
JFimgsbn@ e inputsignat hgsal fiestdréquency aner msecapd-raayenssthaty
is lower than the first frequency, wherein the second frequency indicates

FHLERBetER N d12P002MgNarothibade dharedhsf teavinvientibsigstatus first
signal is generated at the seconq module. The status signal is received at
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[0020] In other features of the invention, the step of receiving the
power input signal at the first module includes receiving the power input signal at
a transformer.. The power input signal is rectified at the first module. The power
input signal includes an embedded signal that indicates a desiréd state of the
transistor. The embedded signal is detected and the transistor is transitioned
based on the embedded signal. The power input signal has a first frequency and
a second frequency that is lower than the first frequency, wherein the second
frequency indicates the embedded signal.

[0021]  In other features of the invention, a status signal is generated at
the second module. The status signal is received at a third module. The second
module is located on a high voltage side of the circuit and the third module is
located on a low voltage side of the circuit. The status signal is indicative of at

least one of a short circuit condition, an over temperature condition, and a

polarity of a transformer in communication with the first module.



polarity of a transformer in communication with the first module. 7 [0022]
In other features of the invention, an oscillation signal is generated. The
power input signal is generated at a digital state machine in response to
the oscillation signal. Current and/or voltage is provided to a fluorescent
light based on the state of the transistor. The first module includes a
DC/DC converter and the DC/DC converter is synchronized with the
embejiam sigrﬂal. The nﬂ)ethod further comprises adding a delay to a low
side trandistor, 'WHehsh {8 HEIRy Yolfsgbkedia delagsst giehigiosideis
istor. T- - furth mprises generating a time allocation
G e e TR R B I recinargeaine v
uesIoRAakhD Q23] iEHEhesighans icaliity- of resent disclosure
‘ rﬁ become apparent from tﬁfgggetgﬁe@d%ggs%ﬂ%ﬁgnvéﬁg\%%gg ﬁé?é}ﬁ%ﬁgﬂ g
iwait o lightibestabdrthat thetdetailedidpsuiptionand speciic examples,
while indicating the preferred embodiment of the disclosure, are intended
[R5+ BrsesseTsr ANGERRIGTONE conyaremistsntehdedAedlimihthe: seapsiotd
the iscﬁ‘sure. BRIEF DESCRIPTION OF THE DRAWINGS [0024] The
PB8ent dIRIBENRE BRI GRTBPHRS® Adlndnelsleimoibfromwirdderaiettor,
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schematic of atransistor driver CIrC

foHBeRdsrpsebe matic o & high.sidadtansistor driver including a_high
voltage level shi?g acccr)%ding to thg prilor a%fén%l it haicates Whe”gthe third
module is operable to receive the status signal.

[0023] Further areas of applicability of the present disclosure will
become apparent from the detailed description provided hereinafter. It should be
understood that the detailed description and specific examples, while indicating
the preferred embodiment of the disclosure, are intended for purposes of

iflustration only and are not intended to limit the scope of the disclosure.,

BRIEF DESCRIPTION OF THE DRAWINGS
[0024] The present disclosure will become more fully understood from
the detailed description and the accompanying drawings, wherein:
[0025]  FIG. 1 is a schematic of a transistor driver circuit according to

the prior art;

[0026] FIG. 2 is a schematic of a high side transistor driver including a

high voltage level shifter according to the prior art;



8 [0027] FIG. 3 is a functional block diagram of a high side transistor
driver according to the present invention; [0028] FIG. 4A is a functional
block diagram of a high side transistor driver including embedded
signaling according to the present invention; [0029] FIG. 4B is a circuit
schematic of a converter module that includes an H bridge driver
according to the present invention; [0030] FIG. 4C is a circuit schematic of
a conyerter mogule that includes a center tap push pull driver according

to the Pr&dant ihVéntiols; A4 RTE! BfiRsiiaee R pdweriaputidigiansistor
&ﬁ%}dé@go?gﬂﬁe@%g p§%%ggkgqg/&qlc&§ding to the present invention; [0032]
Isafu

FIG. 6 Is a functional block diagram of a high side transistor driver

includipgzgyersacsianaliog aseending ndihe fgsent mvg%%mglé?g%%ﬁl& r

7 is a functional block diagram of a fluorescent ballast that “includes a hig
sittertiarisiiter dniveddersksinghtpdbepresent thy el [R0SHMIHG. 8A is
a functional block diagram of a ballast logic module according to the
presetR #39¢ntionSartB[0038] FIi8Bdsearfatictitnal blockediagramiokathat
second lementation of the ballast logic module according to the

prasE _?I}ﬁrr\]/%r%@ﬁ? BB PARCETY 1 SCRIFPIRONADSE]PRE following
s Atk o S
PRMeSEierenes @H@Q&(%Wi'bR%Pé%@&%lﬁgrﬁ‘giﬂ%%é%ti?n%%t% on:

[0031] FIG. & illustrates a power input signal including embedded
signaling according to the present invention;

[0032] FIG. 6 is a functional block diagram of a high side transistor
driver including reverse signaling according to the present invention:

[0033] FIG. 7 is a functional block diagram of a fluorescent ballast that
includes a high side transistor driver according to the present invention:

[0034] FIG. 8A is a functional block diagram of a ballast logic module
according to the present invention; and

[0035] FIG. 8B is a functional block diagram of a second

implementation of the ballast logic module according to the present invention.

DETAILED DESCRIPTION
[0036]  The following description is merely exemplary in nature and is in
no way intended to limit the disclosure, its application, or uses. For purposes of

clarity, the same reference numbers will be used in the drawings to identify



9 similar elements. As used herein, the term module, circuit and/or device
refers to an Application Specific Integrated Circuit (ASIC), an electronic
circuit, a processor (shared, dedicated, or group) and memory that
execute one or more software or firmware programs, a combinational

logic circuit, and/or other suitable components that provide the described
functionality. As used herein, the phrase at least one of A, B, and C
should be construed to mean a logical (A or B or C), using a

HoWas R RIBREIodiealse eshibuliidicundersideddthalistepsonithitcereters o
method may be executed in different order without altering the principles

3t tﬁé"%‘%‘ééﬂt HEERTrd RIB3ATHe igh 4R Fanaisterenivatiof tisuit, a

' ion includes  a transformer and eliminates the high voltage
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in certain implementations, embedded signa erring now
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an input signal module 54, a receiver module 56, and a high side
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power input nodes 60 and 62. For example, the power input signal may be
A CHUEFEDANE SBH AN IRAKRERN at'BaheiH qegtndemsiopp thatigrals wityn
be used, The converter é‘l’]O%L#e 54 maé/ include a transformer 66 and a
oL BB SOl RORIR B4 ShVdhehaiBanERREnsigies @b the
HEsoNtRisignal 70 that is output to the receiver module 56. The
converter module 52 implements a

[0037]  The high side transistor driver of the present invention includes
a transformer and eliminates the high voltage transistor/transistors used in the
high voltage level shifter as described in FIG. 2. The transformer implements
high frequency power delivery and, in certain implementations, embedded
signaling.

[0038] Referring now to FIG. 3, a high side transistor circuit 50 includes
a converter module 52, an input signal module 54, a receiver module 56, and a
high side transistor 58. The converter module 54 receives a power input signal
at power input nodes 60 and 62. For example, the power input signal may be a
square wave signal as indicated at 64, although other input signals may be used.
The converter module 54 may include a transformer 66 and a rectifier 68. The
converter module 54 converts the power input signal to a DC output signal 70
that is output to the receiver module 56. The converter module 52 implements a

high frequency, push-pull DC/DC converter that delivers power from a low side

10



high frequency, push-pull DC/DC converter that delivers power from a low
side 10 (i.e. the power input signal 64) to a high side (i.e, the DC output
signal 70). For example, the transformer 66 may be sufficiently small to
reduce manufacturing costs and space requirements. As such, the
transformer 66 may require higher frequency operation. The transformer
66 isolates the DC output signal 70 from the power input signal 64. [0039]
The input signal module 54 includes a transformer 72 and receives a

drfver nBatEigRANY 3'4ahpit oBduoresiit(7e. trhddriveiriptis nsiial. 78or
include input pulses (as indicated at 80) or other input signals that
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receiver module 56 receives and processes t river S|gnaP/8rf%LH(r]e higher

tenverts tpéngtidrpulses @htacanfigBoTdowsiana! seitahis fo ghving the,
high side transistor 58. The converter module 52 provides the energy
regmiedEtdngHieigne! figh side transistor 58 and the input signal module

54 determines the ON or OFF state of the high side transistor 58. The

high sith? §8nsistoF 5B REC&i988 a Mrfriligéldudesas 60Msivitsefrdm and

igh.voltage node 84, Whe high side transistor 58 is ON, an output
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receives |

Whrhigusiels iansialon 7R o0040) Reffrring nayie BIG, 4t s il side

transistor circuit 100 that includes em ed signaling is'sh W
high sidevtiansistenielicuiictoof ineludesmronvertermaduled 02l fe s

sender module 104. The converter
outputs a driver signal 82 to the receiver module 56. The receiver module 56
receives and processes the driver signal 82 and converts the input pulses 80 to a
high or low signal suitable for driving the high side transistor 58. The converter
module 52 provides the energy required to drive the high side transistor 58 and
the input signal module 54 determines the ON or OFF state of the high side
transistor 58. The high side transistor 58 receives a high voltage, such as 600
volts, from a high voltage node 84. When the high side transistor 58 is ON, an
output node 62 receives the high voltage from the high voltage node 84 through
the high side transistor 58.

[0040]  Referring now to FIG. 4A, a high side transistor circuit 100 that
includes embedded signaling is shown. The high side transistor circuit 100
includes a converter module 102 and a sender module 104. The converter

module 102 includes a transformer 106 and s rectifier 108. The converter

module 102 converts a power input signal 110 to a DC output signal 112. A

11



module 102 includes a transformer 106 and a rectifier 108. The converter
module 102 converts a power input signal 110 to a DC output signal 112.

A 11 decoding device such as a pattern recognition receiver module 114
receives the DC output signal 112. The pattern recognition receiver
module 114 uses the energy from the DC output signal 112 to drive the
high side transistor 58. [0041] Referring now to FIGS. 4B and 4C, the
converter module 102 may include alternative circuit arrangements. For
dRarrple, dRd Copverar moatiken T02anailiomplerient aoddibridgerdeiviees the

arran ement as shown in FIG, 413, The converter module 102 may
.mp|%a}fé‘h% HUWEhtd! tap PUBRPIAMATGEPIRIHOMERVEr Godde [0042pses the

' ta FIGS. | 5,.the sender module 104 outputs the
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wave signgahas ingi : power input.signa further
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ofthenbigiesidertsansisteub8rEasexamplertieembadded signaklz2maYe
be a disturbance pattern (i.e. high and/or low pulses having a longer
pEFcaADWer fiegukbADy) thadomtEiveptareangemahpatiermefthe pavasnpte
signal 110. [0043] The pattern recognition receiver module 114 receives
Ve HaLY S fPame) RRemeb swesiRs (e RigHaN TLY) diivercemsotsvn in
g Ol or OFF status of the high side transistor 58 accordingly. The
pattern recognition receiver module 114 includes circuitry that detects

Chan9§§dlﬂ2§he RadterAgf ik ROWSHEPY Signgl K10, Eor example, the
embedded signal 122 may trigger the

outputs the power input signal 110. The power input signal 110 may be a square
wave signal as indicated at 120. The power input signal 110 further includes an
embedded signal 122 that determines the ON or OFF status of the high side
transistor 58. For example, the embedded signal 122 may be a disturbance
pattern (i.e. high and/or low pulses having a longer period/lower frequency) that
interrupts a normal pattern of the power input signal 110.

[0043] The pattern recognition receiver module 114 receives the
embedded signal 122 (via the power input signal 110) and controls the ON or
OFF status of the high side transistor 58 accordingly. The pattern recognition
receiver module 114 includes circuitry that detects changes in the pattern of the

power input signal 110. For example, the embedded signal 122 may trigger the

pattern recognition receiver module 114 to transition the high side transistor 58

from OFF to ON or from ON to OFF.
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pattern recognition receiver module 114 to transition the high side
transistor 58 from OFF to ON or from ON to OFF. 12 [0044] The
embedded signal 122 may be square wave that starts low and transitions
high as indicated at 124. Alternatively, the embedded signal 122 may be
a square wave that starts high and transitions low as indicated at 126. In
either case, the embedded signal 122 has no DC value to avoid saturating
the transformer 106. In other words, the embedded signal 122 does not
adversely affect the converter module 102 as long as the pulses have
equal amplitudes and the embedded signal 122 does not saturate the

transformgod@4] Whendhenpedied eidhe embedsed Signal il 2250810 & rts jow
threshold (e.g., less than three to four times a clock period of the

converéraneitiote 102), dbhendireiad tie! 2ransfemmeiiDG will @obbeded signal 122
saturated. [0045] Although the embedded signal 122 as described in -

FIGS2Y BRck ScHeRfonaatest st aiosignal iersteitisasdevpatendisatekert 126. In
signal disturbance patterns are possible. For example, the sender module

104 T3 e1ABRuB5HEMERGE S SEeh it SRfAPIMG thelolver YRISUBAIYRAING the
110, | impl ion, th ing signal may di
i SR IOP RIReNatan, | world 1Be Cinpedded sidh 2 g%rggg%ég%pverseiy

the pattern recognition receiver module al

the hiab.sifle to Rrgianauaakopeyation, in, aptherdnpl Ué%é%%?gﬁﬁﬁudes and

sender module 104 may embed a shutdown signal into the power i

signgdel thihaiddieesigribe fighdsisle Hansistor&S teshubsanwe: [9846] when the
Referring now to FIG. 6, the high side transistor circuit 100 may
period of the embedded signal 122 is below a threshold (e.g., less than three to
four times a clock period of the converter module 102), the core of the
transformer 106 will not be saturated.
[0045]  Although the embedded signal 122 as described in FIGS. 4 and
S demonstrates only two signal disturbance patterns, other signal disturbance
patterns are possible. For example, the sender module 104 may embed a power
on sequencing signal into the power input signal 110. In one implementation, the
power on sequencing signal may direct the pattern recognition receiver module
114 and/or other components of the high side to begin normal operation. In
another implementation, the sender module 104 may embed a shutdown signal
into the power input signal 110 that directs the high side transistor 58 to shut
down.
[0046] Referring now to FIG. 8, the high side transistor circuit 100 may
implement reverse signaling (i.e. bi-directional communication) and includes tri-

stating the converter module 102 and/or the sender module 104. For example,

the high side transistor circuit 100 may include a receiver module 130 that is
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implement reverse signaling (i.e. bi-directional communication) and
includes tri- stating the converter module 102 and/or the sender module
104. For example, the high side transistor circuit 100 may include a
receiver module 130 that is 13 located on the low side of the circuit and a
transmission module 132. The receiver module 130 communicates with
the transmission module 132 and the sender module 104. The

ISSIO dule. 132 communicates with the pattern recognition
?r%%:%%%r%o%ﬁ&%@% ‘?ﬁghf%a A H‘?e%%rﬁtigﬂr\%ﬁﬁwpn‘ﬁﬂﬂ&l@ 12 malpe

REluder eirsuitey {@@t&ﬁ'ﬂwmiég{e@e\f:ﬂmi%vﬁgﬁ g%igts?(%use%é) lj Igh iS%igahnd the

side of the high side transistor circuit 100, For examp ré,r{he patt

reTagnitioodeeeiver modslerahbhmaydetRel MatuseSIRGHANG LU0 e

limited to, short circuit and over temperature conditions. Further, the
patiern reeshifitonaedetvenododule may automatically detect polarity of a
winding of the transformer 106. Alternatively, polarity of the winding may
be dett¥4dlby JEKsiRGH AN GERS R sitRs elvpre mhadiuing A4 oteity include
g%eq]tiorzn%?arch. r[5(?48 The converter module 102 may be temporarily

t

Rd (8 Y S ARE G S Bt SlRIHEPE SthiRE iRisiNg . toe high

@IB@M%%%?%?P&%@%DW?QP@%@@%Q (gﬁaensggtié%a%%bcrg j Verse%’{gr]?nodule

transmission module 132 is tri- st uring norma RidiC

transmissiendvoetifds? semimdicaies s tathsinfamation Eﬁ@hi?r nd over
indicative of the detected conditions to the receiver module 130. The
trneantsiencaisiiliesl 3Z utes etrer yaStore eeitb a-tRRNacHesi 341 ule may
operate and communicate the status information. In another

automatically detect polarity of a winding of the transformer 106. Alternatively,
polarity of the winding may be detected by sensing change in high side current
during a polarity detection search.

[0048] The converter module 102 may be temporarily disabled (e.g., tri-
stated) to allow bi-directional communication (i.e. to allow the transmission
module 132 to transmit data). Conversely, the transmission module 132 is tri-
stated during normal operation. The transmission module 132 communicates
status information that is indicative of the detected conditions to the receiver
module 130. The transmission module 132 uses energy stored in a capacitor
134 to operate and communicate the status information. in another
implementation, the receiver module 130 may be integrated with the sender

module 104 and/or the transmission module 132 may be integrated with the

pattern recognition receiver module 114,
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implementation, the receiver module 130 may be integrated with the
sender module 104 and/or the transmission module 132 may be
integrated with the pattern recognition receiver module 114. 14 [0049]
The sender module 104 may generate a time allocation signal to inform
the transmission module 132. For example, the sender module 104
determines time allocation slots for the transmission module 132 to
transmit. The transmission module 132 receives the time allocation signal
and i Rlts tHESCERARORCA Y TRfoAXSER rasetmitnIstatiorIvo(e!do
a gingﬂe t%Igt t?g\r?’ mrpillisgc%rg)dﬁfollpt%inggge time aéloc qtion signal). [0050]
HSIaHiNG now 10 B8 7S Bifiadt 200 FF £HTBRECANE 1SS Fhagedule 104

ioRlementihe RIBSSHt iNVERtaR t@%@wﬂ%%ﬂ%aamgq%m%ggnaﬁ%{mﬁﬁe

106, a full or half-wave rectifier 108, an electrolytic capacitor , a ballast

tegiemisidylen30dicanebthecprier fheceaaN tivt 40681 CRIHBOEHIE AR the
example, the electrolytic capacitor 202 may be used to filter or smooth
sohayaidie baliEsmidgic rmodulén2®ailclaties thetsenderanodiglesiddof 3
The rectifier 108 and the pattern recognition receiver module 114 may be

TpRERRIIR P IRMARY iFe drated aGriiGi @8)3D6. For example, the pattern
recognijtian yeceiver module 114 may _share jnput pins of the rectifier 108.
[0051?%£endee? MosLIETo ggr(%rgteg M%ﬁb&%o(%%f&ﬁéﬁcﬁ“ fiGmP
ivin i ' [ S I i nd 6..The
e B rao e e P 2 AT e o B
fopdaving & lew-wide wasistang]lan Ee-balastdapicmeedde 204uast logic

switches the transistors 58 and

module 204, and the pattern recognition receiver module 114. For example, the
electrolytic capacitor 202 may be used to filter or smooth voltage. The ballast
logic module 204 includes the sender module 104. The rectifier 108 and the
pattern recognition receiver module 114 may be implemented by an integrated
circuit (IC) 206. For example, the pattern recognition receiver module 114 may
share input pins of the rectifier 108.

-[0051]  The sender module 104 generates the input power signal 110
for driving the high side transistor 58 as described ’in FIGS. 4 and 6. The ballast
logic module 204 generates a low side transistor input signal 208 for driving a low
side transistor 210. The ballast logic module 204 switches the transistors 58 and
210 ON and OFF to vary current and/or voltage to a fluorescent light 212 during
startup and/or operation.

[0052]  The fluorescent light 212 includes a sealed glass tube 214 that

contains a first material such as mercury and a first inert gas such as argon,
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210 ON and OFF to vary current and/or voltage to a fluorescent light 212
during startup and/or operation. [0052] The fluorescent light 212 includes
a sealed glass tube 214 that contains a first material such as mercury and
a first inert gas such as argon, 15 which are both generally identified at
216. The tube 214 is pressurized. Phosphor powder 218 may he coated
along an inner surface of the tube 214. The tube 214 includes electrodes

220A and 220B ( referred to collectively as electrodes 220) that are
YoUske @ %t SRHbsHRNERRIY of EiGEe 2141 PowkPss tebpphd 6 thesssurized.

ectrodes 220 acgording to the ON or OFF statuses of the transistors 58
gn%SB%Bf fbodl;@%ﬁr\%:rfén”?o %Pf %Oéepdpl?é%f‘ﬁo@@eWbeth%ugﬁecc%ﬁgéezt?‘@? 214.

elecians omigratedbroughithg gas 216 frm9pe ?r}%g{-r%hae fube, e%ﬂ'vt?q g

the opposite end. Energy from the flowing electrons changes some o

aneneurgdron a fguidro BcgRrs. Aseipstiensand Shawed atonms MeVger s

through the tube 214, some will collide with the gaseous mercury atoms.

Juye badlisiotissextEtdrthie atbpis @ndrdayse efectONsd Orvestatasbigherthe
state. As the electrons return to a lower energy level they release photons
BRMRJROEIeR PEAiPmercury atoms release light photons in the ultraviolet

wavel %ran . The phosphor cgating 218 absorbs the ultraviolet
photoxg, ich %Z{t?gbgcgwgéﬂ%ﬁng% PSRN ERIBREC 8480 ufF e —s
' I ) I level, they.
e O e A R e phe e

Ensrentrisno Bl gl ARIALIREHEES S 210 HUHBGRINYrom 2 liquid to a
gas. As electrons and charged atoms move through the tube 214, some will
collide with the gaseous mercury atoms. The collisions excite the atoms énd
cause electrons to move to a higher state. As the electrons return to a lower
energy level they release photons or light. Electrons in mercury atoms release
light photons in the ultraviolet wavelength range. The phosphor coating 218
absorbs the ultraviolet photons, which causes electrons in the phosphor coating
218 to jump to a higher level. When the electrons return to a lower energy level,
they release photons having a wavelength corresponding to white light.

[0054]  Current is output through both electrodes 220 during starting.
The current flow creates a charge difference between the two electrodes 220.
When the fluorescent light 212 is turned on, both electrode filaments heat up very
quickly. Electrons are emitted, which ionizes the gas 216 in the tube 214. Once
the gas is ionized, the voltage difference between the electrodes 220 establishes

an electrical arc. The flowing charged particles excite the mercury atoms, which
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The current flow creates a charge difference between the two electrodes
220, When the fluorescent light 212 is turned on, both electrode filaments
heat up very quickly. Electrons are emitted, which ionizes the gas 216 in
the tube 214. Once the gas is ionized, the voltage difference between the
electrodes 220 establishes an electrical arc. The flowing charged
particles excite the mercury atoms, which 16 triggers the illumination
rocess. As more electrons and ions flow through a particular area, they
E@ﬁl‘fﬁn%%&‘f’é‘%fﬁg, RIPTERFreds up@lectiersoandioreaies fmoréhrough a
CQ r qd particI%s, Resistance decreases and current increases, The
BT

SGIEMANHE YD RGURREIRWEr BN diRRtg Rritesiters et eAlss

ofeseant. lig llast that may implement the ballast
ﬁﬁ? %ﬁég%% (%Zﬁg%gesc?%%e%qﬁr? %rt & detairin @é%&@n?ﬂ@ﬁﬁ@étioﬁ he

binlask1/d4i2, 30k filed @n ABUIAZ 200nilgh i hsLely incorparated by
reference in its entirety. [O§55] The ballgﬁgzﬁé]obﬁrjn%ﬁéir%ﬁd%%pdsé a@f“p' An

matohiag nibduec22?. iigor examglestheapaialiomplihedransisianRg ogic
may be delayed during the processing of input power signal 110. For

BieatviSle2 tere rAagopeet dislaj beenedetain outhus. oftitersengenicanshileo.
i@ﬁﬁ%%r?s onse of the transistor 58. The delay matching module 222
he del X5t 8HePHihA%iBr 2 MRk dethsralor drcarme ralefapymatehinge in
OéerlpeggZ offsets the response of the transistor 210 to compensate for
the delay. The ballast 200 may include a calibration circuit to adjust the

modUIe 104, o chrey ) STl S 0b by dRe e For
dedayple, the operation of the transistor 58 may be delayed during the processing
of input power signal 110. For example, there may be a delay between an output
of the sender module 104 and a response of the transistor 58. The delay
matching module 222 adds the delay to the transistor 210. In other words, the
delay matching module 222 offsets the response of the transistor 210 to
compensate for the delay. The ballast 200 may include a calibration circuit to
adjust the delay dynamically. For example, the ballast logic module 204, sender
module 104, or other components of the ballast 200 may determine the delay
and adjust the delay matching module 222 accordingly.

[0056] Referring now to FIG. 8A, an exemplary ballast logic module
204 according to the present invention is shown in more detail. The ballast logic
module 204 includes a high frequency oscillator 300 and a digital state machine

302. For example, the sender module 104 includes the high frequency oscillator

300 and the digital state machine 302. The digital stage machine 302 generates
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and adjust the delay matching module 222 accordingly. [0056] Referring
now to FIG. 8A, an exemplary ballast logic module 204 according to the
present invention is shown in more detail. The ballast logic module 204
includes a high frequency oscillator 300 and a digital state machine 302.
For example, the sender module 104 includes the high frequency

oscillator 300 and the digital state machine 302. The digital stage

machine 302 ge_nerates 17 the power input signal 110. In other words, the
igitaEattrwataiRe 502 Juphe wadsoler digia sigimmerdiae &9datpptts
{ﬁ?e%owec ‘ﬁcﬁorpiﬁﬁ gc% bhaet oscillator %OO. The ballast Io%c module
changas the Outpuf frequandl) BY RARREIMG S L AGHESHIRRIGE bt Bvs titfitat00-

ine: ' luti the ballast
T ST 0 T R P R PRI P

marner taedbaliastiegic madile @04 wém@zﬁng@t MG LRMPIEX| ion

frequency scanning algorithm in the digital domain. Further, the ballast
togibati g2 0dodnayApdptemyentispread:spes WigratesRRotay 04, In this
dithering the counter value of the digital state machine 302 around a final
RFEre hEget Becinafo rreyireRed. may anearativedrmplenvemationfehtiecy
ballast Io%ic m%dul,e i%?hs shown in FIG. 8B. [0057] As described in

FIGS BAEE SE e Bat e oie RIBaUE o Sperabiashiemts difitkle 204

femapiaseie Madismansnpaterinie pawer puLsignal L10:

gital domain, the ballast logic e y geénerate

digharbaseennadianB toantisipatiamiabcsiiailyevanis: EQ&@&%W&%JR@ fin
na

ballast logic module 204 may generate a square wave disturbance si
slightbtieaiyiiemeotdtigendratenopéxttecyd vt palsesaha hounsdany of

the [0057]  As described in FIGS. 8A and 8B, the ballast logic module 204
operates in the digital domain to generate the disturbance pattern in the power
input signal 110. In the digital domain, the ballast logic module 204 may
generate the disturbance pattern in anticipation of certain events. For example,
the ballast logic module 204 may generate a square wave disturbance signal
slightly early to avoid generating extremely narrow bpulses at a boundary of the
normal pulses and the lower frequency (i.e. disturbance) pulses. The ballast
logic module 204 is able to accurately adjust the lower frequency pulses so that
pulse edges are precisely located. In other words, the normal pulses can resume
immediately after the disturbance pulses. Further, a clock signal of the converter

module 102 may be derived from the digital state machine 302. In this manner,

the ballast logic module 204 can synchronize pulses of the converter module 102

with the disturbance pulses.
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normal pulses and the lower frequency (i.e. disturbance) pulses. The
ballast logic module 204 is able to accurately adjust the lower frequency
pulses so that pulse edges are precisely located. In other words, the
normal pulses can resume immediately after the disturbance pulses.
Further, a clock signal of the converter module 102 may be derived from
the digital state machine 302. In this manner, the ballast logic module 204
can sy ﬁhr%nize ulses of the converter module 102 with the disturbance
pulses18% 05§ﬁ?h@%’§ﬁés?ﬁﬂiﬂ%le2%4rﬁ%(y ineie one opmowestatass

mody 0. Eor example, the status module 310 may implement an
algorit!%fnﬁt 'ath 80¢rate§(c g a%‘lrt)hgns DO TIFOBALR & §h T P Rfor etnedoqrthm

fius raensnathg é?ﬁ.‘i@?'i#@%%@@%%@a%%ﬂ?ﬁ@ﬁ pig dam ?‘g%dul%g%ner, the

overheating. Additionally, the status mod may imp emen

oversvaitagentatufe detection Ry SeanRg dstfI g JOORRTNGSE the
skilled in the art can now appreciate from the foregoing description that

HRéUsrgaEdeachiliy setttimplistiosure earhedmplementeskiva Marieinafg
forms. Therefore, while this disclosure includes particular examples, the
?fﬁg@cﬁﬂéag?the disclosure should not be so limited since other

modifi?&'&rﬁ V\ﬁl Igs%cgm%ﬁ[ﬁ%r}gnt to the skilled practitioner upon a study
of the drawihgs, the “specHicAtiols &1t 1AR R RRRIAEIadorD thedymBooing
WS tfe RSt the broad teachings of the disclosure can be implemented in a
variety of forms. Therefore,y while this disclosure includes particular examples,
the true scope of the disclosure should not be so limited since other modifications
will become apparent to the skilled practitioner upon a study of the drawings, the

specification and the following claims.
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1. A high side transistor driver comprising: a sender module that
generates a power input signal, the power input 5 signal including an
embedded signal that indicates a desired state of the high side transistor;
a converter module that receives the power input signal and converts the
power input signal to generate an output signal that has a higher voltage

than the power input signal; 10 a receiver module located on a hi% VD WISE
vedlage side of the high side transistor driver that receives the output) o

signal and the power input signal and that transitions the high side
transistor between ON and OFF states based on the output signal and
the power input signal; and a delay matching module that adds a delay to
a low slde traAshigbrsidestigheision thizetelagpdsiesponds to a delay of the

high side transistor driver. 2. The high side transistor driver of claim 1 '
wherein the cBrRfE1EF mGdHIR thitigaBerataatsrRaREtRYE rigealetheneower input

ower.input.signal. 20 3. The high iﬁe transistor driver of claim 2 wherein
R R S R S L L B o PR RS Wi dhde Mon sice
transtesmer and generates the output signal. 4. The high side transistor of
claim 1 wherein the receiver module detects 25 the embedded signal and

transitions theshighveidertrasgiféobasecfe N e PRREdRM LBIgRAaI2Ehd converts
LLOYD WISE

the power input signal to generate an output signal that has a higher voltage than the
power input signal,

a receiver module located on a high voltage side of the high side
transistor driver that receives the output signal and the power input signal and that
transitions the high side transistor between ON and OFF states based on the output
signal and the power input signal; and

a delay matching module that adds a delay to a low side transistor,

wherein the delay corresponds to a delay of the high side transistor driver.

2. The high side transistor driver of claim 1 wherein the converter module

includes a transformer that receives the power input signal.

3. The high side transistor driver of claim 2 wherein the converter module
includes a rectifier that communicates with the transformer and generates the output

signal.

4. The high side transistor of claim 1 wherein the receiver module detects
the embedded signal and transitions the high side transistor based on the embedded

signal.
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5. The high side transistor driver of claim 1 wherein the power input signal

has a first frequency and a second frequency that is lower than the first
frequency, wherein the second frequency indicates the embedded signal.

5 6. The high side transistor driver of claim 1 further comprising a second
receiver module, wherein the second receiver module is located on a low
voltage side of the high side transistor driver. 10 7. The high side LLOYD wisE
transistor driver of claim 6 wherein the receiver module generates a

status signal and the second receiver module receives the status signal.

8. The fiigh sittadraigaisioe driviersedrcdainar LNMEEIRIA TRHEMURSIEAISnput signal
indicative of at least one of a short circuit condition, an over temperature
Banditidnst dedueboy pokhritysefenttdresfoemeyr thatom oweicttion théthitktefrequency,
converter module. 9. The high side transistor driver of claim 1 further

WHRIBISIRG Seaeed dirgrengyangeataatbe ambridestisiananal; and a digital

state machine that generates the power input signal in response 20 to the
oscillation signal. 10. The high side transistor driver of claim 9 further

compriging a ‘ﬁ%t A#HFS&OQQ%%%%%DOY‘@ |IrEn :L.fu'%h%?”%cgritnfgjr_sﬁ\g a second

fluorescent light comiprising th side transistor driver of C

mbeRRIP IRl I PRV idRSseuBRN tauler MRtRGS Lo dhsLoRes saNIgRGe side

based on the state of the high side transistor.
of the high side transistor driver.

7. The high side transistor driver of claim 6 wherein the receiver module

generates a status signal and the second receiver module receives the status signal.

8. The high side transistor driver of claim 7 wherein the status signal is
indicative of at least one of a short circuit condition, an over temperature condition, and

a polarity of a transformer in communication with the converter module.

9. The high side transistor driver of claim 1 further comprising:
an oscillator that generates an oscillation signal; and
a digital state machine that generates the power input signal in response

to the oscillation signal.

10. The high side transistor driver of claim 9 further comprising a digital

interpolator.
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5 12. The ballast of claim 11 further comprising a ballast logic module that
includes the sender module. 13. The high side transistor driver of claim 1
wherein the converter module implements a DC/DC converter and the

sender module synchronizes 10 the DC/DC converter with the embeddeg WISE
signal. 14. The high side transistor of claim 1 wherein the power input

signal includes phase encoding and power delivery components. 15 15.

The hi id istoreqri lai rein the sender mogdule .
genorads a o CaTae (B ML B I EOhIRE T B BIRh SFte transistor

ERRRIVEIMPSIHIe 1S QRRIALIE IRdesaIR NG SIRESE SI9NAHE L4 or voltage to the

fluorescent light based on the state of the high side transistor.

12. The ballast of claim 11 further comprising a ballast logic module

that includes the sender module.

13.  The high side transistor driver of claim 1 wherein the converter
module implements a DC/DC converter and the sender module synchronizes

the DC/DC converter with the embedded signal.

14.  The high side transistor of claim 1 wherein the power input signal

includes phase encoding and power delivery components.
15.  The high side transistor driver of claim 7 wherein the sender

module generates a time allocation signal that indicates when the second

receiver module is operable to receive the status signal.
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