*159159* HI GH VOLTAGE H GH SI DE TRANSI STOR DRI VER
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
application clains the benefit of U S. Provisional

2005. The di sci osure-of the above appl | cati IINENUINMNIN
i ncorporated herein by reference in its entirety, .

FIELD [0002] The present disclosure relates to
hi gh-si de %biﬁ%s@ﬁléﬁ SIDE FRANEIEPORADRIPiRAT | Y

to a high vo age transi stor driver.
BACKGROUND [ 0003] Hi gh side transistor drivers are
used to drive a high side transistor that is

connect ed Lii ly_a 's Io-tin i.e.,

that is néﬁOg?gﬁ&oéhéﬁg%:ﬁ@é%ﬂﬂ%é &Agt'gf\'%‘ray be

a MOSFET (netal oxide sem conductor f| eI d effect
tranipg?‘b}r) bhis a@Ppigation; ndaims ethegdbensit p&f at.S. Provisional
transi stor) h side transistors may require a

Arnlicatien NOaﬁQW&gne&ﬁ fileshern Seetaanber<ay, 2008g Thevdiselosuretof the
as a high voltage level shifter. Floating transistors
eyR applicatinn ininperparatedt hetaii kit referenes irits eintfreiycul t to
turn ON and OFF quickly. [0004] Referring nowto FIG

1, an exenplary transistor driver circuit 10 1is

shown. The transistor driver circuit 10 includes a

hi gh side transistor 12 andlBLDI ow side transistor 14.

A high side transistor driver 16 is connected to a

gat e [8802]of Tie phéiht distoduraneltéd o ]fg?ﬁ‘-gfée transistor drivers,
sel ectively turns the high side transi 1

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 turn ON and OFF quickly.

[0004] Referring now to FIG. 1, an exemplary transistor 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
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*000002* and OFF. A low side transistor driver 20 is
connected to a gate 22 of the low side transistor 14
and selectively turns the |low side transistor 14 ON
and OFF. The high side transistor driver 16 and the
| ow side transistor driver 20 may be integrated in a
transi stor driver nodule 24. For exanple, the drivers
16 and 20 turn the transistors 12 and 14 ON and OFF

%ﬁdc%??ﬁ 5 b P SRR larPlveBdd '%%O%Becie@o'f%% If% dgﬁfq?ﬁae ow
af’?'a{feg.kﬁz 08 BoRARMRY Butn 1o 180 S0a ransisiarar Gk seg OFF.

| S 8 in nore detail. The input signal 28 is
T'?F‘p[]'lght% ¢ Reansisiy divee 1orandsthe law aidlev@@nSMOt HrivergRO anay be
hi gh voltage |evel shifter 40 and an inverter 42. For
inearaiee in @neantigpr divaragedule’dl Fenexarapledthenajvers 16 and 20
i nclude a high voltage transistor. Although only a
tormijleetransistorsy b2 eagel 4 Odnands ObiF {svariourenaddd/or ooltdge to an
hi gh vol tage transistors may be necessary to
outpltenoeiet2& hecandigh to bipuagignaie\a8 arshgd.t er 40.
Typically, integration of nmultiple high voltage

trangos0syr s Refehring hew td GVGVR] 4Re@ReinbRITS la$rtaﬁ8§m(aﬂpbf the high
shown) on the sane die may be difficult

ditlé traAsistor a2 &ed ti Righkidd Gahsions drifed16 1§§ﬁ6\~ﬁ$ﬂ more detail.
fluorescent ballast drivers), voltage stress of nore

ThERmpEPGigral £8 iEBhRto @ﬁ@'hi%ﬂsxﬁ@ tL sgbrggnve‘f'ofst fidéugh a high

transistors. Circuitry of t e transi stor

\?B’It‘g&@ Nevidp sﬂﬁ'[%‘i'ﬁtot éhobﬁn M efter 42, f‘:?raéxaqn&légfl%r RYA g level

simlar voltage |eve a resu

%‘iﬁ N Heldd Oﬁeﬁgﬁ%ltﬁgcqraﬁus‘ié}' Cg\ltﬁ Q‘hgap a single high

n-1nsul ato esses

JIRYEY GlansRESFAE SRolh, écﬂﬁtlén% hI VO t%tgle?rans s?orglrﬁgynge 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 SOI (silicon-on-insulator)
processes, may be used. However, because of the large junction capacitances

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



of high voltage transistors, the resulting circuit is
typically quite slow For 2 exanple, sone ball ast
drivers that inplenent the high side transistor driver
16 as described in FIG 2 may operate at a nmaxi num of
50 kHz. SUWMMARY [0007] A high side transistor driver
conprises A sender nodule that generates a power

i nput signal. A converter nodul e receives the power

npu si gnal , and .gener at.es,an o t .si.gnal_that has

&bl soniko el TR T TpudtEe e e sg fanSRRr diREr 16 as
recei ver nodul e receives the output signal and the
dssapied MTC: SMgrareate ot # arrimrenef &0 Kizansi st or

bet ween ON and OFF states based on the output signal
and the power input signal. [0008] In other features
of the invention, the converter nodule includes a
transformer that recei vesSUMMARYer input signal. The
converter nodule includes a rectifier that
commif0@Zt es Anhigh sitie tranaistdrodninar comibrigeseh atepdet module that
out put signal. The power input signal includes an
gemeestdech pogralinpgutasignahdiAc abegerter deduieedcsivas eh@fpoivee input
transi stor. The receiver nodul e detects the enbedded

sigridlalndagehdrasart batpst bigeal than Hastaohighas editae tHa@ the power
enbedded signal. The power input signal has a first

iﬁﬁlﬁwgn@ny Andcaveerondief reeaNes e bhfjut isigraP Rl th8&dwer input
t he irst frequency, wherein the second frequency

é?&?élcﬁcﬁ%ahgiﬁoﬁ%eﬁgﬁgst& %ﬂ}gei?%ﬁ%nd' BFet f8fes Pased on the

eatures of the invention, si de transi stor

%éutfgé%ngqmrthg §w@r§-{§gpg@ng‘ecei ver nodul e, wherein

el ver nodul e | ated on a high voltage side

of t , 38?5]9h m gtﬁeFfe%ﬂffiﬁ%?[hedﬁw.\/&?ﬁon?ﬂge wr‘fave‘?t%??rqbddule includes

recel

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



nodule is | ocated on a | ow vol tage side of the high

side transistor driver. The receiver nodul e generates

a status signal and the second receiver nodule 3

receives the status signal. The status signal is

i ndicative of at |east one of a short circuit

condition, an over tenperature condition, and a

polarity of a transformer in comunication with the
converter nodul e. HOOlO] In other features of the
ieeevasiton, staths ¢iandll ather stgturepignalsisaindicative |of aatileast one of a
signal. A digital state machi ne generates the power
shgglitcireuy nedndition, r s ves etetperdtere swinditieh| candsiagmpalarity of a
The high side transistor driver further conprises a
vagsfomher intcempairddation WihOthélcohnepémasddieat ures of the
invention, a ballast for a fluorescent |ight

conpriioeee] t he birgh feitdeed bk Shintigh] \éﬁrescﬂmonb@lehé':%tes an
provi des current and/or voltage to the fl uorescént

éécﬁlt&tlohaeﬁ@r@alomtd@taiits?étg Rhchihe deh@FbﬁésStttQé Foﬁ/ep%ﬂ)tﬂ%ignal in

| ogic nodul e i ncludes the sender nodul e.

fe3pYREd &b fﬁéd‘é|s€ natee S§galS arhe%&sﬁ‘éﬂ‘fr%ws%foraﬂﬁ%érhﬂ.lrther

sender nodul e synchronizes the converter

&ﬂﬁgﬁg&egg AaSh@Riatof "€ Pover input signal includes

e enco I'ng a power delivery conponents. [0012]
l randOB0 8] e & %&%%5 L gee.gtv' BR0eP B BB uorescent ight
ge”réhriﬁdes” ki heﬁ“i‘f e et oTis, BRI Hrowges et andlor
t %9%3 Vﬂ%’%f esceh elsztﬂ@ssﬁ‘rs’aéf‘t%s#&Qgtpee@g%as@oarw@nast ogic

ng nal and generates a driver nal in response
mng yﬁel qc{&;@rthemgg@ dafj giegule. The conve er 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



wherein the driver input signal includes pulses. A
recei ver nodul e 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 nodule adds a del ay
to a low side transistor, wherein the del ay
corresponds to a 4 delay of the high side transi stor

%ll ve i gehse der a \geneﬁ_g time, allocation
?gYnQ Rt |ﬁ' AheRv&he 'S8 ef Jidule genp@itasea time
is operable to recel ve the status signal. [0013] A
aPgai agnel BRs |“'§¥<E?rte%|W\?@rth@o?n?ﬁpn@égc%'édeﬁgulﬁelarwerable to
for, generating a power input signal, converting nmeans
rﬁ@?”‘l"g&aﬁﬂ‘-ﬁgﬂ@ . power input signal and generating

an output signal that has a higher voltage than the
powed0013iputA shighasideatransistoei driveg crraprsesosendiogi meags for
the out put signal and the power input signal and for
genanating @ power input aigsial taonveringarsaINfandcdihg Ihebewer input
based on the output signal and the power i nput

sigrgaind ded@taking an oltpart sfgpat thaehaefa higBet DRIl BN thdBower
converting neans includes a transforner that receives

ihh@ V8! and Pedeidhg MadansTioe r@@é?Mﬁ%tthé‘%ufﬁi‘ﬁ% nal 8R4 ‘i'ﬁeegower

arectifier that communi cates with the transtorner

iSRGt anti T6r tradsiforing a9 sistdNSe tQ%I A rON"HRt OBE %ﬂﬁés based

i ncl udes an enbedded signal that ates a desi

ot e uButisifhal éﬁ@%ébé\her ﬂpﬁt §|§ﬁ£' ving means det ect 3

t he enbedded si gnal ansTtions the transistor
oefogtl Py el i o BT, e
4 DA AEP A i SRR LGAE ™ 1 %5 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 desired 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 circuit condition, an over




[0015] In other features of the invention, the high
side transistor driver further conprises second
receiving nmeans for receiving a status signal, wherein
the receiving nmeans is | ocated on a high voltage side
of the high side transistor driver and the second
receiving neans is |located on a | ow voltage side of
the high side transistor driver. The receiving means

generates the status sign The status signal |is
ﬁeﬁmeé%ﬁure/éomm@m ﬁr@a%tpo%ﬁ'é)’ gf a drapsfarmes in @Q;nmunlcatlon with the
condition, an over 5 tenperature condition, and a
pwivertingymeeng: transformer in conmunication with the
converting neans. [0016] In other features of the
i nveni0D46] t lreothiegieatings df thesmention dihievegh sfder trémesistor driver
conprises oscillating neans for generating an
fusthiet batnposess ospiltdtingmok atisgiot generating enroschibtien sigaalsand digital
for generating the power input signal in response to

state neRbird micans fotr gomdratindehdipgves iitiuttdi@is iistrésponse to the
driver further conprises digital interpolating neans

b&dilldtioar eg&ang The OGP USidé ' RARSISIBY dr%elfuhh@rn cpoQﬂle; digital
In other features of the invention, a bal | ast for

fnltéiﬁél%ﬁﬁﬁ}medrisgmmcFé&%@'a’?ﬁéuPhﬁfr fEhe d?&"t‘ WS'Stor

driver | ast provides curre vol t age

to th@gﬁ'gfor fPGmRE fd @Rk o?ﬂ'?ee%vgﬂtlémeﬁ éél%tsffo‘?f wﬁ?ent light

trans e converter nodu enen
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BCI?B&Bconve?ter 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



signal and generating an output signal that has a

hi gher voltage than the power input signal, input

means including a transformer for receiving a driver

i nput signal and generating a driver signal in

response to the driver input signal, wherein the

driver input signal includes pul ses, and receiving

nmeans for receiving the output signal and the driver
signal and for transitioning a transistor between ON
trangistorrdrivest eShd 4spdingnmepes danslatesisghare alipsatine signal that
driver signal. The high side transistor driver
Irfdwathslwrwnme seeonderepgiving oreany iseepriablertoatrtieing the status
delay to a |low side transistor, wherein the del ay
sigmai.esponds to a del ay of the high side 6 transistor
driver. The sendi ng neans generates a tine allocation

si gnpdotgat A imethoziafoedriwhgra high sidecpaskistoc @i & ichguieamprises
is operable to receive the status signal. [0019] A

geReRGAgTPpoWE MplTsigndll BBteRintetHe BoVedrShett digndl dHd §étidrating

conpriSes generating a power input signal, receiving

ah%teewa nalNRE{ had gnﬁ%hér%n&@e%aﬁ 8 pofer MR Wignal at a first
si gnal at has a higher voltage than the power 7 nput

ancgf@hre%'élvﬁwgf 'tﬁe“outdlﬁ’ldéﬂé] | &RFGhy e?hﬁp&’tUEBHEI %'t?%lscond

e power 1 nput at a second hodul

ﬂém'éddoﬁﬂé% rig{)g'?r%'n&%wr b%%%@ﬁ@@h@@#ﬁ%ﬁé B5§&Y on the

based on ut” 'signal he power

Bl Bt REMG AT SR | mput i gnal At the First
Rl W RN R R E JEAN
PEMBE AL SGgl fﬁ?ﬁlaﬁt oS Ity Taeshiadne PR St nal at
a transformer. The power input signal is rectified at the first module. The power
input signal includes an embedded signal that indicates a desired 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] [n 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.



transi stor. The enbedded signal is detected and the
transistor is transitioned based on the enbedded

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
enbedded signal. [0021] In other features of the

i nvention, a status signal is generated at the second
nodul e. The stat us si gnal is reqeived at a third , )
modul22] The abesreatiiey M the nvRricad esailagan signal is
voltage side of the circuit and the third nodule is
gpeeatedt diheaPPWer Input Signadiizigeperated atig digitel staie machine in
status signal is indicative of at |east one of a

regpense cior e oseiatinn isignal.anCovent wadfnsr vweltage is provided to a
condition, and a polarity of a transforner in
fluoresoentdight based oh théetatd ofthentoahdistor. 7The iz Imdduleinodudes a
features of the invention, an oscillation signal is

DEDEr edreckrief radnbeedCIDPebnedrtsrds syacigenizedtwith &ie 8mbedded
digital state machine in response to the oscillation

s?n@ﬂal'rhe%éflﬁdt furthef @bmpAikeaaading @fd@‘}’é)dﬁﬁ atlBwaside transistor,
| uorescent |ight based on the state of

wheddl iteé Gélay'&bﬂefsbéﬁds ISl 18y Iof He KGR s@de Pé%sﬁ&or The method
converter and the DC/ DC converter 1S synchronized with

fﬁ%r%ﬁ?ﬁ@@g geﬁéﬂﬂlﬂb -3 th8 aﬂ@éaﬁ%ﬁ sﬁ?ﬁa‘l Eir?ét |ﬁ§£&‘éb%§5ﬂhthe third

adding a delay to a“l ow side transT st

n&’o%@ev;scaaérsélgwécé.%oﬁed&éms nal,ne high side

transi stor he net furth conprises generating a

moaul 048 gl « %hé"é%%efé%Wéﬁs {0 et bdbbeure wi
Fur t I b it th

b%?@@%@@%éen%%n"f‘ SeRledfreith pro %Maera&e&s%ﬁéﬁ"s‘howd be

un ers oéoat hat tﬁé %\éi |%9 J]eesrcﬁglat?o%f gl% splect:lflg rc‘exa!nor!ﬂebse while indicating

the preferred embodiment of the disclosure, are intended for purposes of

illustration 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;




understood that the detail ed description and specific
exanples, while indicating the preferred enbodi nent

of the disclosure, are intended for purposes of
illustration only and are not intended to limt the

scope of the disclosure. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 0024] The present disclosure will becone

nore fully understood from the detail ed description

and the_acco i ng draw ngs, wherein: &0025 FIG 1

i s al0dfbnafi 31"561al W%‘@P%‘t Blockrdiggiam jof @ipigh side transistor
according to the prior art; [0026] FIG 2 is a
deeereangording o ﬁ\emrgas\ergulrd@ntlmnsu stor driver including a
high voltage | evel shifter according to the prior art;

8 [ olW2ZB] FI EIG34Asisa funstionalrdock Hingrami efga dvghosida transistor
hi gh side transistor driver according to the present
drimereintiudimg droRRiedHigbalidd acsordirfgutodhe nedent iroektion;

di agram of a high side transistor driver including
enbepub2d] si M@ i4B) isice wirduihgsdhentdtie pf es evnvemnsremddute that
[0029] FIG 4B is a circuit schematic of a converter

ifBsHdseart Radridge EvEOgscordingtdtHedgre s@iht iM@gntRmgor di ng to
the present invention; [0030] FIG 4Cis a circuit

schef@jdog ofFi8. %‘V§réeﬁlrcﬂ”@dé’él’%rﬁ£{ﬂ5 of | dd#B/er@ module that
center tap push pul | driver according to the present

iddhY éeé‘mte %Qsﬂdsh ndou@(% 3?’ éédﬁ&lh?tﬁfhé’"p }Mjf inbERidn;

signal 1ncluding e signaling accoraing to t he

Slr :;fgﬁmup\/?ﬁr gfﬂ I||L[ g'g S, ané ?ﬁ lhﬁuta gHgFtlﬁchth bérﬂﬁgdded

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



driver including reverse signaling according to the
present invention; [0033] FIG 7 is a functional block

di agram of a fluorescent ballast that includes a high
side transistor driver according to the present

invention; [0034] FIG 8A is a functional block

di agram of a ballast |ogic nodule according to the
present invention; and [0035] FIG 8B is a functiona

bl ock di agram of a second inplenentation of the
sipzilar giamerdgi Asks@dherelbchedery medulecisuit sagfor device refers to
i nvention. DETAILED DESCRI PTI ON [ 0036] The follow ng
adedepligatioon Specifier éntpg@tetpCiaeyit | (ASiGduee ®rrtiogid reircuit, a
no way intended to Iimt the disclosure, its
pegueissoratshargd, atedicsdad, dFagropp) pod escrodry thlaaekegute tolme or more
sane reference nunbers will be used in the drawings to
sbflwats for fidnwam Ipeogremeentcombinaticred lpgiceicircuit, hend/er nother
nodul e, circuit and/or device refers to an

sORMIE CBhipRAepRasbf povidattRedesefbdd fupdtidndiyS!Ae) use@nhereln the
el ectronic circuit, a processor (shared, dedicated

a}s%ré%q@%st%?ﬁ‘é ST Varkdh@shBURCBE SoriRiellto M a Ioglc;al (AorB
s tware or firmiware prograns, a conbinational |ogic

ogirC{gSH%Eg aH-B%c1QLihe g#cca‘!J bf.ak! oﬁ%@&@@éét&g@QBat steps within

e the descri be unctionality used her el

%St %??eaéxek%at ﬁﬁ‘%r&ﬁt ﬁgeﬁ\mt%ﬂﬂ a‘ﬁe@?é’ %éjPﬁﬁcges of the

cons rue 0 nean a og cal
ARBSTERRE o Mot hod may be executed in it S‘r’Sni "
0 Seloe S S A et R e
at praené%{asrﬁgrn;né " r?'\rl]rtla;t(e)sn the %IQL#\ voltage transistor/transistors used in the
high voltage level shifter as described in FIG. 2. The transformer implements
high | fre'qL'Jency 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



a transforner and elimnates the high voltage
transistor/transistors used in the high voltage |evel
shifter as described in FIG 2. The transforner

i mpl ements high frequency power delivery and, in

certain inplenmentations, enbedded signaling. [0038]
Referring nowto FIG 3, a high side transistor

circuit 50 includes a converter nodule 52, an input
signal nodul e 54, a receiver npdul 6, and a hi

(5@ cbetRoxYes iIRRW SiIgwl 6fhio édﬂgférsld@r(l-ﬁn@@ %stwc%g&gg 0y For
power input signal _at power input nodes 60 and 62. ,
eReMpiaig| teansforengs ffe Maynprisulictently sma)l t9eresduce quamgacturing
wave signal as indicated at 64, although other input
wistand spage mauiresents. TAe sehv thet leanstermaredG maydgquire higher
include a transforner 66 and a rectifier 68. The

feamueecy eperatidn| eT1transfoemes 66 ligolgtoswtne iDEpoutmit gignal 76 from
a DC output signal 70 that is output to the receiver

the dower Tfput Sigeac®hverter nodul e 52 inpl enments a high
frequency, push-pull DC/ DC converter that delivers
powerjobsgm Hrﬂxé)\/lhdﬁdltdﬁgnép nidduie Sdnenahssr ai Brabéfofrh@Na2 and
64) to a high side (i.e. the DC output signal 70). For

RUBITBS & dhils i'hF@P?sfg%FT?ﬁ S6inbBY nB&es wbfard @8t | Yhs MRiver input
to reduce manuf act uri ng costs and Space requl renents.

ﬁ?naﬁ Uehmal MibdeemplOpiBEs B MR atcRoat 8"6C§ d?iogﬁ’@rrinputtsﬁ%nals that

equency’ operation. The transtormner i sol ates

FHO3EpPh 3 Aaho £FoH Prine (i SREHR! 77 Mied R ondtnoduie 54

e 1 nput”signal I “Includes a

SBURI G6n00e (568 ARG, AELNE"sd T SRR e o5
riréﬁ: 'lyifag%:né?pz?éenqgﬁégﬁeuéf?&esr sggansal iBQdain%acto%(\j/e% ’thgeoi}'\pgtr pL%gsego toa
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
inciudes a converter module 102 and a sender module 104. The converter

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
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tend to avoid saturating a core of the transformer 72.

The i nput signal nodule 54 outputs a driver signal 82

to the receiver nodule 56. The receiver nodul e 56

recei ves and processes the driver signal 82 and

converts the input pulses 80 to a high or |ow signa
suitable for driving the high side transistor 58. The
converter nodule 52 provides the energy required to
drive the high side transistor 58 and the input

decodiah devitel stichasia pattatmeesoghiioDreesiveprRoguigt H doteceyes the
hi gh side transistor 58. The high side transistor 58

D& eritmessigndli DIR. v diheapgdters uebogrstiddO Oecehadrt mpdilleoti 4 uses the
hi gh vol tage node 84. Wen the high side transistor 58
dnergNromithe OO putpunsigealb? rteaktivedise high sidgravsistonge.
fromthe high voltage node 84 through the high side
trangpednr SRefetriMfdw RefrAGS. B BRYV A the Gordéte@mididgle 102
side transistor circuit 100 that includes enbedded

rﬁ%)gﬂﬁtddégelténa?%mcuﬂ_ Bﬁahgé}heﬁtsd FdrlexBfiipi,Qhe ‘ébﬁ\‘?éttetr module
I ncl udes a converter nodule 102 and a sender

152045 H’t%gemgrheancﬂgﬂ’agteedinv f‘é‘?‘r‘é'n erHeAt BB EHIURSINFIG. 4B. The

trans 106 an recti 08. The converter

F0BHE SPONEP TR olggh 4 Better S0 Pl bl drfefathown i
ttern recognition receiver nodule 114 receives the
F%% g‘put signal 112. The pattern recogni tion receiver

modul ethe t he t ts'nl
112ut[§0é$]| ve é”rtﬂ d‘ﬁ’ c?jgyﬁs; s?'?ﬁjr%g %u Jg module 104
TR W o, térﬁﬁg‘ﬂg‘ét?quare
exanpl e, the converter nopdule 102 may nple
wavejg@nataa/momdaﬁbt%nff & PouEE PP IGA] 16 gurthgranciudes 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 patiern 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 char_tges 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.

12



converter nodule 102 may inplenent a center tap push
pul | driver as shown in FIG 4C [0042] Referring now
to FIGS. 4A and 5, the sender nodule 104 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 enbedded
signal 122 that deternmines the ON or OFF status of the
high side transistor 58. For exanp

L) t he enbe ﬁh d
oi gnid04gbo e BEbEdded SianBhied Mah ?e"*ﬂHa(% Wave Rhajstarts low

and/or |ow pul ses having a | onger period/| ower

ahd &rqneiticyy higiaes indicased apl 34.a Afernalivelyatitepmberdehgignal 122
power input signal 110. [0043] The pattern recognition

naydes 5 equaedwhee thbd stastseiigheand transisiobe dave @s dndjeatpd 82226. In
(via the power input signal 110) and controls the ON

efer €3de, shatamsbeafdet negril gi22shakteno r@siaduento BGoid saturating the
accordingly. The pattern recognition receiver nodul e

trhhdiormet udes i dther Wobdst ke efplegded sidrand@g doest it adversely
pattern of the power input signal 110. For exanple,

atB& trERefdedeshenak 11)@?65@5{9 bE ti9g plLIskB dave @blLigramplitudes and
recognition recelver nodul e 114 to transition the high

t@é%ﬁ%ﬂ%ﬂ ﬁgﬁ 222 éig YO s’.:atur%lteg\h@rtrafnrsﬁ:ﬂ‘fr@?*I 10®. Ofthen the

signal 122 may be square wave

ptje_gﬁa ozlttl‘?é Eh e‘a\ﬁ’ep%’rbq} \ géﬂﬁéobg%%ahh@%héﬁil(zegﬂ %@E e?I‘Elzar‘?‘?hree to

ternative ed signal
u_ rggets\'\%v% 3%2@&#@%‘5 r{%{q%gngé{;}geert rt R e'njﬁﬁa 4 gé"s?cgﬁan the
I T N
122 ?0 efS]nOtAlﬁ%jovu%rhstﬁtle ¥mbedded signal 122 as described in FIGS. 4 and
5 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. 6, 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 moduie 104. For example,

the high side transistor circuit 100 may include a receiver module 130 that is
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affect the converter nodule 102 as | ong as the pul ses
have equal anplitudes and the enbedded signal 122
does not saturate the transforner 106. \Wen the
period of the enbedded signal 122 is below a threshold
(e.g., less than three to four tinmes a clock period
of the converter nodule 102), the core of the
transformer 106 mAII not be saturated. [0045] Although
t he enbedde s 2 as described in F]GS. n 5
a o L8 os hdhe: Gl S e BamEi SR de% 132> The
ot her si g sturbance patterns are, possi bl e.
regaiNpl aﬁ,o%{af?e Qﬁ&&m%%ﬁ}% Wit thealfarsmisaion pede 1%and the
sequencing signal_into the power input signal 110. In
ST FpPAYrBN1QHti ohhe tiResmisiRt reedueqlihePrinyiiepiar with the
n&é direct the pattern recognition receiver nodul e
rafeRognitenieeeiverfpetiéat s of the high side to begin
normal operation. In another inplenentation, the
senddPO04dldul Ehel Opatienty reebenitian s redetiennmedgleal114i mhay include
the power input signal 110 that directs the high side
dircaitgi §tobrshb@ny forsdriectindovariodsOstdtilsefedf ehé ihigh Bide ¢fothe high
FIG 6, the high side transistor circuit 100 may

didp krafeRtor lo¢git 360.siFgnakamgle| ithe patiérndietegiitieh fdceiver module
comruni cation) and includes tri- stating the converter

Rewhsy Hekchngitosed hﬁlLﬁ:ﬁrﬁ@ebuﬂTﬁgﬂhlﬁutéQ“to %%rteéiﬂfm' 8nd over

the high side transistor circuit 100 may include a

t%ﬁﬁ)@ré(tﬁfe EBAtiEnst 3E kR, the pakirh Qé%ﬁﬁtld?ﬂrédé‘?véroﬁf\’odule may

de of the circuit and a transm ssion nodul e 132.

é&ﬁﬁaﬁ@élwgbﬁpﬁgﬁy(&@w& ©F 1M {r Bgné@ﬁnér @Gém/ﬁ@rﬁ&wely,

nodul e 1 nd t sender ule 1

BSIBMTBrSRE Wn@RGUh &Y 56 AetUIBY Bl BhER g gL NG 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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pattern recognition receiver nodule. [0047] The

pattern recognition receiver nodule 114 may incl ude
circuitry (not shown) for detecting various statuses

of the high side of the high side transistor circuit

100. For exanple, the pattern recognition receiver

nodul e 114 may detect statuses including, but not
limted to, short circuit and over tenperature
conditions. Further, the pattern recognition receiver
roaul0043hy ThACERGE aRvs e ey SRBREN Py 2oGATR SiRg
of the transformer 106. Alternatively,  polarity of
infdren whadransmiesiomanedulectd Hyorsexanely dharspodeh medie 104
side current during a polarity detection search. _
dEROmE]esTime albonation siotsrfatihe traosmisgipryacd WiapeiZapitiapsmit. The
di sabled (e.g., tri- stated) to allow bi-directiona
trapsmmssicmatriodnle( 132 retaived thentitieealtacatigmisigriabrandnisangreits the
132 to transmt data). Conversely, the transm ssion
cORErRcat® irformations irate dintkiraliogatioor retdt (pgr a itiore sWteof 3
transm ssion nodul e 132 conmuni cates status

miMke¢dsi femovifgthd tmertlbcatidrveigndl).t he det ect ed
conditions to the receiver nodule 130. The

tranggisigi O'Rd1Bdingendvddo UBIES ENebelasitagoetbri a flaorescent lamp
capacitor 134 to operate and comruni cate the status

nl]nél}{j ﬁf@@&{gﬁp %‘y&g@@ﬁtt ih%ntidrﬁgﬁ'ﬁér%réﬁﬁt' 0 inthReE € traAEformer

e Integrated with the sender nodule

133%4 ggpg{oggwabﬁ v'é{r%gﬁ’fmg%Bo%n@ga*og)ﬁ%f’%gﬁeﬁotbﬁoz, a ballast logic

attern reco recei ver
I 14, .14 . .
rg%?rﬂg? ;[06, gn? hﬁk%ﬁ? A%Lrgﬁ?@nﬁﬁogpgeﬁc%f@ g*gcﬁlh%gfﬁ]”ﬁé example, the
ARSI AP IY2 Srdy*Be ¥ BRP'oR sridbin SRRAGE. 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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determines tinme allocation slots for the transm ssion
nmodul e 132 to transmt. The transm ssion nodul e 132
receives the tinme allocation signal and transmts the
comuni cation information in a tinme allocation sl ot
(e.g. atinme slot of 3 mlliseconds follow ng the
time allocation signal). [0050] Referring nowto FIG
7, a ballast 200 for a fluorescent |lanp my inplenent
the present invention. The ballast 200 includes t

whiethrer beth geoerally idantifiegr aha%6. walle rtebei £14ris 1@'853'-1”7—ed-

an electrolytic capacitor 202, a ballast |logic nodule
Prasphanpowder gas treay beecesnaded giong ardrnesesurtesg A the tabe 214
For exanple, the electrolytic capacitor 202 may be
Tieetlibieo2 4 lincdudes eectodds 2804 aayel 2208 (bedférasd to Icolgdaively as
nodul e 204 incl udes the sender nodule 104. The

digiiddes €220) QBat Atk tdtatedpat bppositeesrsimnof trantubec2ider Power is
nodul e 114 may be inplenented by an integrated

stibbfet ko (th@)ela&ﬁade@mw@@:s}o%g theheabNesh oM @Eidds0Bf the
recelver nmodul e 114 may share input pins of the

tF ishdrs e fB21d.0051] The sender nodul e 104 generates
e input power signal 110 for driving the high side

tranjb?&:ﬁr S®had g gﬁﬂpile@ BOvEr: to4h@%¢ec§rod$§%20 electrons

bal | | ogi C ul e 4" 'generates a low sid

f%{gﬁ%%@{o% AR M Pl iipsts .
e R
G B AL BT TRk T TR e v
c];c,{Jl{q%t \ggl'? ggél&%lseggghmgr%ury gt%%sy q'p\g &llfl3|t)rnsst e>I<CQt%r{he gtséms and
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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whi ch are both generally identified at 216. The tube

214 is pressurized. Phosphor powder 218 may be coated

al ong an inner surface of the tube 214. The tube 214

i ncl udes el ectrodes 220A and 2206 ( referred to
collectively as electrodes 220) that are | ocated at
opposite ends of the tube 214. Power is supplied to

the el ectrodes 220 according to the ON or OFF statuses

of the transistors 58 and 210. [0053] Wen power is
tiggess ithe ihennation Rreeess| eB8 rHaEs elepyons| ansk jopasflow through a
m grate through the gas 216 fromone end of the tube
ratticular arae, thpp dsimpeiniondore #aarsgwhictolieeshiep £lestibng and creates
el ectrons changes sone of the nercury froma liquid to
rneoregalsargdd mdrticles onResintinch ademdasdompd nmureent inonegbes.  The
the tube 214, sonme will collide with the gaseous
bagastulogiahwtiile P0é coulated poweexsth eddrimg abdrastearsdartup. An
cause electrons to nove to a higher state. As the

RERPIAIONBudrescr light AandovEllast &RET @yay eviglernidhethe edbRIasE logic
photons or light. Electrons in nercury atons rel ease

rhodllle PbAt RNGebariddae inl fLFRa el vrﬁvgls.ngialtbmaﬂﬁsl-icaﬁaﬁ No.
phosphor coating 218 absorbs the ultraviol et photons,

M ‘@?8@8’%%? gﬁ'e/-fﬁrfl @QP?Qé%v&HT@n ﬁé;l‘?éer'%ggﬁnc%‘?ﬁérﬁf& by fdtefeRice in

jump 'to a eve en t trons return to a
. r_.energy level, they release photons having a
'E\/Svgev\,'\ﬁé':i%tﬁgth corresponding to white |ight. [0054]

T SBRab SHRPHAINEB A RLD B SRR A0 M0z, ror
S5 SRS R Ao S b B Pcossg
TR TR YR BB b im S 208 e ancvo

as i s ionized, e differen

e th S i the volt ce
Ogetf‘ﬁ/e%%” eﬁgméﬁé@tﬂ Heendos resReRs ioiﬁeg 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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an electrical arc. The flow ng charged particles
excite the nercury atons, which 16 triggers the
illum nation process. As nore el ectrons and ions fl ow
through a particular area, they bunp into nore atons,
which frees up electrons and creates nore charged
particles. Resistance decreases and current increases.
The ballast |ogic nDduIe 204 regul ates power both

during and afte taftup. An uor esce

{1 GA/SE AP AIONEL1 13-t SRRy WPIHS: ST PO teT P BLTPRG e 19g qutouts
nodul e 204 is described in further detail in US

thepewer et sigael b1 Rban owtput ireqeeREy 3590&4ing Ao i pciliasor 300,
2005, which is hereby incorporated by reference in
Thesbaltast legiy moduis shamaes ihe butput IBgusRgy brcthanging a counter
del ay matchi ng nodul e 222. For exanple, the operation
vafud blethierdipisalstate rb8chimg 302. died mygexhseuitpgt fréguency resolution,
processing of input power signal 110. For exanpl e,

thé eaRagtiygibenadule oy net fveteer meludet pdigitadbibtdrpelagaradar In this
nodul e 104 and a response of the transistor 58. The

rlghmar, tHEab&ikish gipehskale220 adgSmbhaneret! asnore chhmlex frequency
transi stor 210. In other words, the delay matching

smEaHHing Agarithf Fethe @lE@alfcﬁﬁﬁﬂﬁseF@{hérhmet halst 36E rddlle 204
conpensate for the delay. The ballast 200 may

Qﬂ nﬁl@m%n? %bie%%‘de%ﬂuﬁi t@EH’\le%}QbY €ﬁhé‘|ﬁg fl'\'éecdiﬁ’ﬁé\‘yvalue of the

yna cally. For exanple ast |1 ogic nodule

a1 s2A8YFRenAD b Brol aUnePLUSRoEURANGALALARY richBency. An

eterm ne

BB T @fgﬁhéie%n%ﬁg@g@g«%a%2@95’% 4 G- o8

gﬁngPﬁﬁTﬁr e?&%{sgr:l n. Ik%f“q%égﬁg%gg t@é’%aﬁasqqoglé 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 pulses 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 puises so that
pulse edges are precisely located. In other words, the normal puises 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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nodul e 204 includes a high frequency oscillator 300

and a digital state machine 302. For exanple, the

sender nodul e 104 includes the high frequency

oscillator 300 and the digital state nachine 302. The

di gital stage machine 302 generates 17 the power

i nput signal 110. In other words, the digital state
nachine 302 outputs the power input signal 110 at an
outpié requency ccordin to the oscillator 300. The

bal | 449%8logi hpgt LAhdndutpakder egaieptyeie status
changi 9 a _counter value of the digital state nmachine
meuies TP nEre£xaMplR Se Stateymedele 3*§)sma>rtlrrmhememtr@ algorithm
bal | ast | ogic nodul e 204 may further include a digital

thait detpetsdemp ggwuof lifa ased onnfampeignitioheretrigsl. akst thisogiacner, the
nodul e 204 may i npl enment a nore conpl ex frequency
teatiastiDgig reddide i2ZDKmanrevbitedaage dlie dooaermeakongt Reditiohbiy, the
bal | ast | ogic nodul e 204 may i npl enent

statusatdogdplecs tUimMagdimpEnignt dyerdiolthes i1agpt Beteefdmttsr scanning
value of the digital state machine 302 around a fina
shreipgstagar get oscillator frequency. An alternative

i mpl ementation of the ballast |ogic nodule 204 is

ShO\MEO('JSB]H G-'ho%@ sKilf5iAl thésarg8§r? rnb@ﬁé’p;ﬁr@ma'té;ﬁonﬁt%eaﬁ‘#egoing

the ballast |ogic nodule 204 operates iIn

d@s%&tﬁln fempid bF&&@é‘éﬁﬂ%@ of I?ﬁe @is%Fo‘égxl gegﬁ tféafrﬁnﬂéﬁ\eh{éd in a

the power input signal Ital do

\fgpi@t WA {isk. | PR oWhfe %'Qs dfg%%’osugee &8 bi%cular e xamples,

I st'ur bance pattern inantici cert In even

tﬁé’ 'Erug);s.?gB% Sg th&é&r]gcl%%%gxgul qg)égﬁggqglll gqq%mc% P%&ﬁm%gmcatlons

vﬁ@ Réas i % N ?Jﬂllecﬁaragﬁéoerﬁeﬁ ibeRe TP ineediaitiedp. the

5% - di Stl’éﬁ[&%r}cﬁ% B es. The bal last |ogic nodul e
GaFatiag,? QLUPECAPSadj ust the | ower frequency

pul ses so that
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pul se edges are precisely located. In other words, the
normal pul ses can resune imediately after the
di sturbance pul ses. Further, a clock signal of the
converter nodule 102 may be derived fromthe digital
state machine 302. In this manner, the ballast |ogic
nodul e 204 can S¥ 1g§onize pul ses of the converter
nodul e 102 with e di sturbance pul ses. 18 [0058] The
bal | ast dul e, 204 . i ncl ude.one or nore status
modli es S8 R E IR pAEBETEE o' modul e 310 may
i npl ement an al go ith1 that detects |lanp end of life
based orf 443 7 [ett BrePEtiPy 2ROV AR P18 % mnner, t he
bal | ast | ogi c nodul e 204 can avoi d damage due to
over heatd F.VeRIdNeunEe] fpeeiyiethe SOWen [BPYSEARRleang1genFRg{Fs an output
_inplenment over-voltage | anp detection by scanning
sigagl Aot higs akjehes yeltage derndhe nSS dnk piEPERIAn the art can
now appreciate fromthe foregoing description that .
t he br oadreceisgrinedde tat feaives e it Benahandhe power input signal and
inplemented in a variety of fornms. Therefore, while
that mansitipns e trasaigter tepvden qBY% apsbEF swgiea basest anhieeantput signal and the power
true scope of the disclosure should not be so limted
inpgt sigel.ot her nodifications wll beconme apparent to the
skilled practitioner upon a study of the draw ngs, the
specification and the following clains. 19 Cains 1.
A high side transistor driver conprising: a sender
nodpl e tThied higeside ettt dAOsYIT claivp U twikedin ele;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 driver of claim 1 wherein the power input signal includes

an embedded signal that indicates a desired state of the transistor.

3. The high side transistor of claim 4 wherein the receiver module detects the

embedded signal and transitions the transistor based on the embedded signal.

20



a converter nodul e that receives the power input
signal and generates an output signal that has a
hi gher vol tage than the power input signal; and a
recei ver nodul e that receives the output signal and
t he power input signal and that transitions a

transi stor between ON and. OFF. states .based on the .
outbut - SRR SFCRESGORET Of F ToGrar hepouenay ggnal has a
_ sjde transistor driver of claim erein the ,
firs gD A e e oa it 3 10 Pollah B gt Lepiiiney s e second
the power input sjignal. 3. The high side transistor
freqypnaydpdicatesdpepbesidigh gigraln t he converter nodul e
includes a rectifier that communicates with the
transfornmer and generates the output signal. 4. The
hi gh side transistor driver of claiml wherein the
power i Apathigh gAatrappserndiesr ofplasnteaber enmprigingtansecond receiver
indicates a desired state of the transistor. 5. The
modhilgyhwheretke the regeiies tpdulefis okaiedron a Wgbrveitaget side of glehige side transistor
nodul e detects the enbedded signal and transitions
driviehend thapsiosd creelvarsmddueaistlbeteeirinedidedy odtagmneide. of 2B Kigh Jilde transistor
hi gh side transistor driver of claim4 wherein the
driveewer i nput signal has a first frequency and a second
frequency that is |lower than the first frequency,
wherein the second frequency indicates the enbedded
signal. 7. The high side transistor driver of claiml

furg her ThemRh Sddeandis®e A of €aRh ¥ &FherdiPalE k@ eiveh@b&ild generates a
the receiver nodule is | ocated on a high voltage side

stat@f sifhHe akt BB s&loHe rdcERBShSIN recdldsMR st@08sike second
receiver nodule is |located on a | ow vol tage side of

the high side transistor driver. 8. The high side
transistor driver of claim7 wherein the receiver

modgil e %@%éﬁt §& Ransistor driver of claim 8 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.

10. 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.
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status signal and the second receiver nodul e receives
the status signal. 9. The high side transistor driver
of claim8 wherein the status signal is indicative of
at |least one of a short circuit condition, an over
tenperature condition, and a polarity of a

transforper i.n co nic t|on W t nverter
roodfe: 18 48 RGN Bt oF QL SFRST semariing o digia
t F er conpr|S|ng an oscillator that generates an

1“8@@ ation signal; and a digital state nachine that
generates the power input signal in response to the
oscill ation signal 21 11. The high side transistor

dr| r of ¢ 10_furt her co risin gi.tal
nt & pol A t1as: 1 » Dgeseens Ui Pgsxpsgf&f\@gl&@ﬁf trpnsisfqr driver of claim
conpr|5|ng the hi gh side transistor driver of claim
1, helgiethg iballasharogides surenh arsordendtags jor the fluarsenent light basggen the state
to the fluorescent |ight based on the state of the
of thedragpistonbr . 13. The bal l ast of claim 12 further
conprising a ballast |ogic nodule that includes the
sender nodule. 14. The high side transistor driver of
claim4 wherein the converter nodule inplenents a
DC/ D& colbebdllast diethimHe fertred eomprixing ebalastdbgiomiozels thdnéncludes the
DC/ DC converter with the enbedded signal. 15. The
setdegmodulde transistor driver of claim1 wherein the
power input signal includes phase encoding and power
delivery conponents. 16. The high side transistor
driver of claiml further conprising a delay matching
14, The high side transistor driver of claim 4 wherein the converter module

implements a DC/DC converter and the sender module synchronizes the DC/DC converter with

the embedded signal.

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

phase encoding and power delivery components.

16.  The high side transistor driver of claim 1 further comprising 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.
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nodul e that adds a delay to a | ow side transistor,
wherein the delay corresponds to a delay of the high
side transistor driver. 22 17. The high side
transi stor driver of claim@8 wherein the sender nodul e
generates a tinme allocation signal that indicates
wh t he,secqn iver. .opdul e .| . bV
thel " ot MR aTE o FAm TR Py ORI E ey RG Bonerates o
._coppri.sing: .an i.npu dul.e including a transforner .
timg pilpeef g Syl dhay ‘%“F?it&eérw eﬁﬁﬁet SSPY %ﬁﬂ%ﬂ&ma& B oRpiage go receive the
driver signal in response to the driver input signal,
statip¥8%4ln the driver input signal includes pul ses: a
converter nodule including a transfornmer that receives
a power input signal and generates an output signa
that has a higher voltage than the power input signal;
andl& r et Bighasidef3ngipter ¢THEE CORRIBINGes t he out put si gnal
and the driver signal and that transitions a = _
transi stasrinpt oxluing Ormséqrmee hap sseiyeon driker input signal and

out put signal and the driver signal. 23
generates a driver signal in response to the driver input signal, wherein the driver input signal

includes pulses;

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; and

a receiver module that receives the output signal and the driver signal and that
transitions a transistor between ON and OFF states based on the output signal and the driver

signal.
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