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UNITED STATES DISTRICT COURT
EASTERN DISTRICT OF MICHIGAN

SOUTHERN DIVISION
ALTAIR ENGINEERING, Inc., a Michigan Corporation
Plaintift,
VS.

HIGH TECH GI.OBAL GROUP CO., LTD., a Taiwanese Corporation

Defendant.
/
gase: 2:07-cv-13276
ssigned To: Hood, Deni
Thomas N. Young (P22656) Referral Judge ?é)che;ngsnz?jgi
Christopher G. Darrow (P67196) Filed: 08-06-2007 At 03.44 PM
YOUNG & BASILE, P.C. CMP ALTAIR ENGINEERING INC V HIGH

‘ TECH GLO
3001 W. Big Beaver Rd., Ste. 624 _ " GHOBALGROUP COLTD (EW)

Troy, M1 48084-3107 - - -
(248) 649-3333
Attorneys for Plaintiff

COMPLAINT FOR PATENT INFRINGEMENT
AND DEMAND FOR JURY TRIAL

Altair Engincering, Inc., hereby complains for patent infringement against the Defendant

High Tech Global Group Co., Ltd. as follows:
PARTIES

1. Plaintiff, Altair Engincering, Inc. is a Michigan corporation headquarted at 1820
E. Big Beaver Rd., Troy, Michigan 48083, within this judicial district, and is the owner by
assignment of United States Patent No. 7,049,761 which protects a novel LED-based
replacement for [luorescent lights.

2. Defendant, High Tech Global Group Co., Ltd. is a Taiwanese corporation with
offices at 7F-1, No. 339, Chung Cheng Rd., Pan Chiao City, Taipei Hsien, Taiwan, R.0.C. On

information and belief, Defendant manufactures in China and sells in the United States an LED-
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based fluorescent tube replacement light which is of a type covered by one or more ¢laims of the

Altair Engincering, Inc. patent as detailed below.

JURISDICTION AND VENUE

3. This action arises under the patent laws of the United States, more specifically 35
U.S.C. § 271 et seq.

4. This Court has jurisdiction under 28 U.8.C. §§ 1331 and 1338,

5. Venue is proper in this Court under 28 U.S.C. § 1391(d) as the Defendant is an

alien corporation.

COUNT FOR PATENT INFRINGEMENT

The allcgations ol paragraphs 1-5 above arc incorporated into this Count as if set torth
herein in full.

6. On May 23, 2006, United Slates Patent No. 7,049,761 was duly issucd to Altair
Engineering, Inc. as the assignee of Jos Timmermans, and Jean C. Raymond. The invention of
the patent is entitled “Light Tube and Power Supply Circuit” and a copy is attached hereto as
Exhibit A. The patent was issued with 26 claims which cover and protect various aspects ofa
I.ED-based replacement light for fluorescent tubes. Plaintiff has the right to sue and recover for

infringement of the ‘761 patent.

7. On information of belief Defendant High Tech Global Co., Ltd., without right,
authority or license from Plaintiff, manufactures in China and both offers for sale and sells in the

United States LED bascd fluorescent tube replacement lights identified as model no. RG-15-
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W/V/V1 and model no. RG-8-W/V/V/1. The offer for sale and sale of aforcmentioned lights in

the United States literally infringes at least claims 2, 3, 4, 6, 8, and 9 of U.5. Patenl No.

7,049,761, Plaintiff reserves the right to modify and/or add to this list of claims on the basis of

information gathered as the lawsuit progresses.

8. Plaintiff Altair Engineering, Inc, has been damaged and will continue to be

damaged by Defendant’s infringement of the ‘761 patent in an amount which can only be

determined through an accounting and is without an adequate remedy at law.

PRAYER FOR RELIEF

WHEREFORE, Altair Engineering, Inc. prays for the following rclief:

A,

A preliminary and final injunction against continued infringement of the
761 patent by Defendant and all persons in privity with Defendant barring
the importation of infringing lights into the United States, and barring the
distribution and sale and offer for sale of infringing lights in the United
States;

An accounting for damages resulting from Defendant’s sale and offer lor
sale of infringing products in the United States;

An award of treble damages against Defendant pursuant to 35 U.S.C. §
284 on account of Defendant’s willful infringement of the *761 patent;

An assessment of interest on the damages so computed;

An award of Plainti{l"s costs, cxpenses and atlorney fees in the action; and

Such other and further relief as the Court deems appropriate.
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DEMAND FOR JURY TRIAL

Altair Engineering, Inc. demands trial by jury as to all issues triable by jury in this

case as a matter of right.

Dated: August 3, 2007

Respectfully Submitted,

YOUNG & BASILE, P.C.

i

Thomas N. Young (P22656) D
Christopher G. Darrow (P67196)

YOUNG & BASILE, P.C.

3001 W. Big Beaver Rd. Suite 624

Troy, MI 48034

248.649.3333

Attorneys for Plaintiff
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EXHIBIT A
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The present invention pravides a light tbe e Muminaljun
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LIGCHT TURE AND POWER SUPFLY
CIRCUIT

CROSS-REFERENCE TO RELATEL
AFPLICATIONS

Thle spplicaticn clinte the benehil ol LS. Pmyvigioau)
Application Ser No. 60/181,749 Fled Feb, 11, 2000,

FIRL.DD OF THE TNVENTION

The prasent [nvestion relates to 2 light rwhe iThiminated by
LEDs (light emitting diodes) which sre peekigeed inside the
light tebe and powered by a power supply ciretil.

BACKGROUND OF TIIE INVENTION

Crniventional fluorescent lighting systems incinde fluo-
rescent Light tubes wnd ballasts. Such lighting syslems are
nsed i a variety of locations, such as buildings and Lransil
buses, for a vardety of lighling purpuwes, such as zrea
lighting or bacKighting. Althaugh conventional Auarsscent
lighting systemns have some advantrges over known lighting
ophons, soch 35 incandescent lighting systems, conventional
flurescent light fubes and ballasts have saveral shortcom-
ngs. Conventional fluorescent light tubes have a shod Tl
expectancy, arc prone to fail when subjected to exceseive
vilration, consume hipgh amouats of power, requine a ligh
vperating voltagse, npd include several electrical connections
which reduee teliahility. Conventlonsl bty sre Dighly
prone to foil when subjecled lo cxecssive vibration.
Accordingly, there is a desire o provide a hght tube and
power aipply vircuil which overcome the sherteornings of
conventinml habrescenl Bghting sysicme, That is, there Js a
desire Wy provide 3 Bght tulbie and power supply elreuil which
haves 1 long life expoctancy, are resistant (o vibration failuee,
eonsumie low amounts of power, operate on a Jow valtige,
and are highly reliable, It wonld alyg be desindle ke such
7 fight Tube to monmt within a conventional hioreseen light
tube socker,

SUMBMARY O 'T11 INVENTION

A light fube for illumination by & power supply cincuit
includes = lb portion and a pair of end caps disposed al
oppasite ends of the bulb portion. A plurubity af Tight
emitting dicdes are digposed inkids the bulb portion and in
electrical corununication with the puir vl ead ewpy, which
dicdes illuninele in revponse W elesiniesl cument received
from e power supply cicuil

NRIGE DRSCRIPTION OF THE DRAWINGS

The description herein mukes referonoe to the accompa-
nying drawings wherein fike neforence numerals refer to like
parts throughont the seversl views, sod whereing

I1G. 1 is a line drawing showing s Tighl (ube, In perspec-
tive view, which in aceordasee witl the presenr invention is
lluminated by LEDs packaged inside the light mbe;

FIG. 2 iy u perspective view of the LEDE mosnied on a
eireuil board;

FlIt3, 3 is a cross-sectional view of FIF. 2 taken wlong,
hines 3—3;

F1i. 4 is a fagmentary, parspective view of one embodi-
ment al the present invention showing one end of the lipht
lube disenoneoted from one end of a light tube socket;

FIG, 3 s on clecirical block disgram of o first powar
sipply siteuil for supplying power fo the light tibe;

Fitv. £ is an electrical schetmutic of u swilshing power
supply tvpe curent Timiter:
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FIG, 7 iz an electrical block diageam of a sevond power
supply cireuit for supplving power 1o the light tube;

FIG. & is an clectrical block dingram of a third power
supply elreuit for supplying power 1o the light rubey

FIG. @ 15 2 frrgmentary, perepeclive view of another
wmkrdiment vl the present inveation showing one cod of 1he
Fight tube disconnected from one end of the light tube
socket; end

FIG. 10 3% o0 electrical block dipgram of » fourh power
supply ¢ivuit for supplylug power to the light tube,

DESCRIPTION OF THE FREFERRED
EMBODIMENT

FIG, 1 s o line drewing showing o light tuba 20 in
penpective view. Tn aceumdance with the presant inventioa,
The light tube 20 is illumingled by LEDSs 22 prekrged inside
the light tube 20. The light tubc 20 mcludes a cylindrivally
shuped bulb porion 14 having a pair of cnd caps 26 ang 28
disposed ar apposite ends of the bulb portion. Prefarably, the
hulb porticn 24 iz made from & ransparent or tranghicent
material sich az plass, plastic, or the Wie. As cuch, D hulb
matennl may be edber choar or fnssted.

In a preferred embodiment of the presen invention, the
tight tube 20 has the same dimensions and end caps 26 and
28 (2.p. electrical male bi-pin connector: 1ype G13) a5 o
canvenlionsl finorcscent light Wbe, As such, the present
invention can be mounted in o conventional uorescent light
fube socket (hot shown).

The linc drawing of FIG. 1 also reveals the internal
companents of the light tube 20, The light tube 20 fanher
includes & cfrcutt board 30 with the LEDs 22 mounted
therton, The el hoord 30 and LEDs 22 are enclossd
ingide the bulb portion 24 and the end caps 26 and 28,

L1 2 is a perspective view of the LTDs 22 mounted oa
the circunt boand 30. A group o [ERs 22, as shaown in FIG.
2, i5 commonly relemmed 0 ar 2 hank or amay of LEDs.
Witlin the scope ol the prsient invenlion, the hight whe 20
muy include one or more banks or arays of LEDs 22
mounied on one or mere citcait boards 30, In a preferred
embndiment of the preseat invention, the LEDy 22 emit
while light and, thus, gre conunonly referredd 10 In the art as
white T.EDs, Jn FIGS. 1 and 2, the [L1Ls 27 are mounted 1o
one surface 32 of the circuil board 3. In o preferved
embodiment of the present invention, the LEDs 22 ane
areanged to emil or shine white Tight through only one kids
of the bulb portien 24, thns direcling the white Ypht o o
predetermined point ol use. This armogement reduces Bght
losses due o imperfeel reflection mos conventional lighling
{ieture. 1 altesative embodioents of the prezent fnvention,
LEDs 22 may also be mounted, in uny cwnbinetion, (o the
other surfaces 34, 36, and/or 38 of the cirewn baourd 30,

MG 3 1z o cnsew seetipnal view of FIG. 2 laken akng
binex 3-—3, Fis provide iteusttm] stiength along the Jeagth of
e bight bt 20, the sireddt board 30 35 desigeed with =
H-whuped cross-zection, To produce a predetermined radia-
ton pallern of dispersion of ight from the light whe 20, each
LED 22 is mounted at an angle relative to adiacent 1.17De
and/or the mounting surface 32, "The 1ol mdiatled patem
of light from the light mbe 20 is effected by (1) the mownting,
angle of the LEDs 22 and (2) the radistion patiesn of light
from cach LED, Corrently, white LEDs having a viewing
range betwoen & and 45° are commercially availnble.

FIG, 4 is 2 {ragmentary, perspective view of one embndi-
ment of the present imvention showing, vne sed ol the Tight
twbe 20 disconnecred teom poe end of a light tube rocket 40.
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Elmilar to conventionul flunrescent Fghting systems and o
this embodiment of the present -invention, the light tube
eccket 40 inclules s pair of sleetricaf fomale connectors 42
an the light tube 20 inchides & pair of mating electrical male
eoeclors &4.

Within the scope of the preser irvention, the Eght tubs z0
invy be powered by ong of four power supply eitenits 100,
200, 300, and 400, & frst power supply circoit mcludes a
power source and A cooventional fuorescent ballast. A
sewond power supply elyeult includes a power source and o
rectifier’ filter circuit, A thied power supply cirenit ingluder o
DL power sowrpe and a PWM (Pulse Width Modulalion)
circult. A fourth power supply circuit powens the light mibe
20 inductively.

T3, 5 is en clectrical block diagram of a first power
supply chiguit 100 for supplying power o the light tube 20.
The fiest power supply circuit 100 is portivularly adspted to
operate within an existing, conveniions] fuorescenl lighting
systein. Ag guih, the fiml power supply cipsait 100 includes
a eouventional Ruorescent lighi tube socket 40 having two
electricul female conncctors 42 disposad at opposite ends of
the suckel, Acsordiagly, # light ube 20 particulardy adapted
for use wilh the Ml phwer supply circuit 100 jnciudes two
end caps 26 and 28, each end cap having the form of an
elecinen) male connector 44 which matey with a cotrespond-
ing ¢loctrical fomale comnector 42 in the socket 40,

The first power supply clrewit 100 also includes o power
source 46 4y & corventions! magnatic or eloctronic fluo-
rescent ballust 48, The POWEr Kource ET Rl.lppliL‘-ﬂ power to
the conventions] fuorescent ballagt 48,

The first power supply vicouit 100 Jurther ineludes a
rectified/ Tiler circull 56, 2 PWM cireuit 52, and one or more
cureent-limiting, cireuits 54. The rectifior/filier circuit 50, the
PWM pirenit 52, and the one or more current-Hmiting
cireuils 54 of the fimt power supply cirenit 100 ape packaped
inside ane of the two end caps 26 or 28 of e Hght tube 20.

The rectifier/filter circuit 50 raceives AL power from the
hallust 48 und converts the AC power to DC powet, The
PWM ciroujt 57 receives the DX power from the rectitiers
filter cireuit 50 and pulse-width modulates the DC power 1n
thes one or mare current-fimiting circuits 54. In o pratirl
ombodiment of the preeeat inveation, the PWM circuit 52
receives the I9C patver from the rectifier/fiMer eirewil 50 and
cyelically ewitehet the TIC power on and ofF to the one or
mere curtent-limiting cireuits 54, The D power 38 switched
on and off by the PWM rirouit 52 al a frequency which
enuges the white light ereinied from the LDz 22 to appear,
when viewed with a *naked” hyman eye, to shine contim-
nwrly, The PWIM duty cyela can be adjusted or virid by
tentro] circuitry {(nat ghown) 10 maintain the power con-
simplinn of the LEDs 22 ot gafe bovels.

The T3 power i modulated for several reasons, Fint, the
BC power 7 mudulated to afust he brightness or intensity

wf the while light emitted frany the LEDs 22 and, in ium,

ndjust the brightnesy or intensity of the white light wpitled
from tbe light tube 20, Optlonally, the brghtoesy or intensily
of the whits light emitted from the Jight tuhe 20 muy ho
adjusicd by W ueer, Second, the DO power s nuxlutated to
improve the lhumination etficiency of the light tubs 20 by
cupilulizing vpon @ pheocmenan in which short pulses ul
light 4t high brighiness or infeiwity 10 appear hrighter thin
u continuoug, lower brightess or iatensity of bight luving
(hes same wverage power. Third, the DO power i madlated
tn regalate the intensity of Hght emited (mm the light be
W 1o compensate for supply voltrge Nustuatisng, amhien;
temperatine choamges, und other sueh factor: which effect the

i

3=

40
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intensity of white Jight emitted by the I.FDx 22. Fourth, [he
LC power is modulaled Lo rase the vadalions of the
frequeney of Light above the nominal varation of 120 o 100
Hz thereby reducing Huminaton artificts caused Tty low
frequeney Jight vaniatlons, including interactions with video
screens, Fifth, the P power may optianally be modulated
to povide an alamt fonction wherein ght from the light
wbe 20 cyclically flashes on and off.

The one or more corrent-limifing clrewits 54 receive the
pulse-widh modwoted or swilshed 1D power lom the
PWM eirenit 52 and fransmit a rogulared wneunt of power
fo one or more arrays of LEDs 22, Lach current-Tieiting
circull 54 powers 3 hank of one or imore white LEDs 23, 1T
abapk of LEDs 22 consists of more than ane LI, the L1iDs
are ¢lectawully connecled in setes in 20 anode 1o cathode
arrangement. T brightnest or inteasily varation helwetn the
LD 22 can he lokered, the LEDs can ba clestrically
eonnested in parallel.

ke nne or mare curret-litndting, circuits 54 may inctude
{1}a ressistor, (2) u curment-limiting wemiconductar elrewit, ar
(3} & wwilching power supply type current limiter.

FIG. 6 la an clectrical schemuitic of a switching power
BUpply Lvpe current limiter 56. The Vmiter 56 includes an
inductor 5§, clerteally connected in series between the
WM clrouit 52 and the array of LEDs 22, acd a power
divde 6, electrically comuesicd between ground 62 und u
PWh cirenivinductar nede 64, The dinds 60 i8 designed w
bepin conduetion afler the PWM cirouit 57 ik switched afl,
In this eage, the value of e induttor 58 i adjusted in
verjunction wilh the PWM duty cysle to provide the benchits
described above, The switching pawer supply type cumrent
limiter 56 provides higher power efficiency than the other
types of curtent-limiting circuits lsted above,

FIG. 7 is an electieal block dingram of 4 seeomd power
supply circuit 200 for supplying power to the lght nibe 20,
Similar fo the flrst power sapply Grouil 100, the seeond
power nupply cireuil 200 includes o conventional Bvorcscent
lighi {ube sacket 4¢ having twe clecirical female connectors
42 divpuied sl oppesite ends af the socket 40, Accordingly,
u light tube 20 particularly adapted for use with the second
prower supply cireuit 200 includes two cnd caps 26 and 28,
cach end cap baving the form of an electriesl inale connector
44 which matey with a corresponding electrical female
conuectar 42 in the socket 40.

Tn thee seeond power supply circoil 200, he power sourcs
46 supplics puwer directly to the restfier/filtor ciroit 50,
The reetificr/filer cievil 50, the PWM cireyit 52, and the
ane oCmore cwrent-limiting circoits 54 operate as deserihed
above Lo power the oue or more arays of LEDs 22 The
rectifier/filier circuit $0, e PW vicuil 52, wnd the one or
more cument-lintiting itcuits 54 of the secun) puwer supply
circuit 290 are preferably packaped inside the end caps 26
and 28 or (he bulb portion 24 of the light tube 20 or insids
the fight 1wbe socket 40,

F1G. & is an clectrics] block disgram of a tlird power
supply cizeuit 300 for supplying pawer 1 the fight tube 20,
Similar iy the first and seoond pawer supply circuits 100 and
200, the thirt prawer supply cireuit AN inchedes 7 comven-
tionzl Muonzesnt light uehe socket 40 having two electrical
lemale connctiom 42 disposed at opposite ends of the socket
40. Accordiagly, a light tuhe 20 papticulary adapted for nse
wilh the third power sopply circuit 300 includes two end
tips 26 und 28, vach end cap having the form of an electrizal
male conneelor 44 which mates with a corresponding elec-
trical female cannecior 42 in the socket A0,

The tiied pewer supply vinuit 300 inchuds a IC pawer
souice 6, such ax w vekicle hattery, In the thind power
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supply circuit 300, the DU power soure 66 supplies DC
pawer dinetly to the PWM circuit 52, ‘The PWM circuit 52
and the one or more cwrrent-imiting circuits 54 opente v
desenbed obove o power the ane or more errays of LEDs
22, 1n the ihird power supply vircuit 300, the PWM tireuit
52 is preferably puavkuged in physical locution typically
vecupied by the ballist wl's conventiona] fusreseent lghting
system while the ome or more current-limiting ¢lrovits 54
and LEDs 22 aro proferably packaged insido the Light twbe
20, jn cither one of the two end caps 26 or Z8 or the bulb
portion 24,

FIG. 9 is a (agmentary, porspective view of another
embediment of the present lnvention shewlng one end of the
light tube 20 diseonnected from one end of the tight tube
socket 44, In thiz embodiment of the pretent inveation, the
light tube socket 40 includes a pair of backets 6 and the
light tube 2 includes a pair of end caps 26 and 28 which
mate with the brackets 68.

FIG. 10 is an electrical hlock disgram of u fourth powey

supply circuit 400 for kepplying power to the light tube 20, ¢

Unlike the first, seoond, and third powor supply circoits EUD,
200, ynd 300 which are powered through direet eleetrenl
male and female connecton 44 and 42, the fourtls power
supply circuit 400 is pawered inductively. As such, ihg
Tourth power supply circuil 400 includes a light rube sosket
40 having two brackete 68 disposed at opposite endy o the
socket 40, At least ene bracket 68 includes an induptive
trongenitler 70 Aceordingly, x lighl whe 20 particularly
adapted for use with the fmrth power supply cireuil 400 huy

twvo end cups 26 and 28 with al least ane ond eap ingluding -

ur indurtive receiver or antenna 72 When the llgle wbe 20
it mounted in the light tohe sockel 40, the at least onc
induetive receiver 72 in the light tube 20 is disposed adjacent
tn the al Jeast one inductive transmitier 70 In the light fube
socke 40,

The fourth power supply circuit 400 includes the power
sourte 46 which supplies pawar to the at lenst one indnetives
Uansmitter 70 in the Fght tube sacket 40. The ot lesst ano
transmitter 70 induetively supiphos power to the at lesst e
recciver 72 inone of the el cops 26 andVor 28 of the light
trhe 20, The at Jeapt pnc indootive recciver 72 snpplics
power o the rectlitice/fillir wneil 50, The neetified/Tter
cirenit 50, PWM cireuil 52, and the one or mare oyrgnl-
limiting citcuits 54 operate as described above 1 power the
one ot o arttys of LEDs 22, Tn thiv mamntr, Lhe 1ight e
20 is poveersd withont a direct clesizical connection.

Whut 7y clsimed 1x:

1. A light deviee for dllumination by 2 power supply
eirind! eomprising:

# buib poriion,

a first end cap disposed ot one end of the bulb portion,

g second end cap disposed at an end of bulb pudion

opposite the first end cap, the first and second end caps

fonning a pair of end caps on opposite ende of the bulb 5

partion; and wherein the bulb perion and the pair of
tod caps are dimensioned to bs mounted in a Aunres-
teil Jight mbe socket, and

plutality ol Tight emitting disades disposed ingide the
bulb purtion, the lighl emilling diodes i electdcal
conuntmication with the end cap for leminating in
mespanse o clectieal enment received from the power
supply cincuil, und whernsin e plumlity of light emit-
ting dindes iw moonted i af lvast one cireuit board; and
whorein each of the plurality of light emitting diodes is
mounied al gn angular ofTed from the elreuit board to
ewtublich a predetermined radiation patiern of light.

a

6

2, A light wibe For illumindtion by a pawet supply circuit

Clamprsing:

u hulb portion,
u fist of end gups divposed sl opposile ends of the hulb
5 portion, wherein cach of the pair of end gaps is shapad
to be coupled with a Huoressent Jight ube socket, and
7 plurality of closcly-spaced Light cmitting diodes dis-
posed insida the bolb portion and extending batween
the apposite emds of the bull portion, the lght cmiting
0 diodes in electrical comemunication with the pair of'end
cupt {or illuminzting in mesponse o clecldcal currenl
received from the power sopply circuit; and wherain
tach of the pair of end enps 15 an electrical bl-pin
connecior,

3. 1n a peplacement light tube for » Auorescent Hght Axture
kavirsg o light (ube socket und v power supply cireoll, the
ufiprovement comprising;

a plurality of closcly-spaccd light emilting diodes dis-
posed inside a bulb portion of the light tybe and in
clectriesl eomnunicmion with a pair of cod esps
coupled 10 opposed ends of the bulh portion and
engageable whﬁ the light tube socket, the pharality of
tight emitting dicdles operahle to flluminate in fesponse
To electricel current dolivered by the Tuonescent light;
arul wheretn each ol the pair oF end cupy s un electricnl
hi-pin eommenion.

4. The improvement of cluiim 3, whensn the plurality of

light cmitting diodes is mounted 10 & circult board.

&, The improvemem of claim 4, whercin csch of the
plurality of light emitting diodes is mevnted at an angular
off-ser from the circuil board to establish a predeterminad
radiatian patern of lipht.

6. The light device of clrin 1 wherein the plurality of light
emitting diodes s molnted on only ooe side of the ot least
wne tarout hourd.

T, The light deviee of clim 6 wherein the sachiation
peticrn of light from cach of the plurality of light cmitting
dindes is cartered at a 20" angle relative 10 the o1 least one
circuit board,

8. The light device si'claim 1 whersin each of the plurality
of light emitting divdes i & white LITI

9, The light device of claim 1, wherehy the plusality of
light emitting diodes is displaced substantlally continvoushy
betrween the opposite ends of the bulb portion.

10 A light device for illuminmion by @ power supply
cirenit comprising:

u bulb portion,

a first end cap disposed at one end of the bulb portion, and

a plurality of light emitting diodes dispaged iuside the
bulb portiom, the lighl emitfing diodss in elecibol
cammunicatinh with the ond exp Iir illuminstion in
responss i ulectdon] currenl reeeived frum (he power
rupply chmuity and wherein the plumlity of light emit-
Ling elignd:y §x movnted oo al Jesst one vireuit boarl; and
wherttin cach ol ihe plurdity of Hght emitting dindes i
srnnted st gn snguler nffsct fpm the cipouit bgsrd 1
welablish a predelermined midistion panem of Buht; and
wherein each of the plumiity of light emitting dindes is
arnged info one of # phuality of equidistanty-spaced
Heht emidting diede banky, each ot the plurality of light
emitting. diode banks comprising at least two light
emitling, dindes,

11, The improvement of ¢laim 3 wherein the bulh portion

is uinular,

12, The impravement of oluim 3 wherem the elecidc
cwrent i u direct vurrent siginl, the improvement Turther
tampricing:

—_

Fal

40

45

L
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a rectifier for comvearting an atternating current signal from
the flvorescent light fxture to the direct current signat,

12 In a replacement Hght tube for a Aontezcent light

fixture having a light Wbe socket and & power supply circuit,
the improvement comsprising:

a plorality of clossly-spaced light emitting diodes dis-
posed ingida a bulb portion of the bght tube ad in
electrical conununication with a pair of end caps
covpled 10 opposed amly of the bulb partion and
sngageable with the light tube sockel, the plombily ol
light emitting dindey epatable to iluminete in response
by eleotrical eurment delivercd by the Aoureecent light
fixture wherein the elecrrie cusrent is a direct current
signal;

a reclifier ki convorting an allerneling ovcrent sigos! from
the Auorcroent Light fixture 1o the direct current sipnal;
and

& pulse-width modulsting cirenit for receiving the direct
current gignal and supplying a resuling modulated
tignal to the plurality of Jight emitting diodes,

14, The improvement of claim 3 wherely each of the

Plimlity of light emtiting diodes is a white LED.
15, In A replacentent light tube for a Aourescent light

fixture having n hight tebe socked end o power supply circuit,

the improvenen) comprising:
a plurality of closely-spaced light emitting diodes dis-
posed ipeide a bulb portim of the light tube and in
elecincu! communication with a prir of cod caps

euipled fo upposed ends ol the bulbh portion and |

cogagrable with the light tube socket, the plurality of
light emitting diodes optrable to iltuminate in rerponse
io clectrical current delivered by the Hourescent light
fixture; and whemin cach of the plumlity of Hght
emitting diodes is arranged inte ane of a plurality of
spaced Jight emiiting Gode burky, wuch of the plumity
of light emitting dicde banks tomprising ai loast lwo
light emitling dicdes.

16. The improvemenl of cluim 4 wherein the ploratity of
light emitting diodes is movated on only coe side of the
cineuit baurd (o emil light owsrd only one side of 1he bulb
plartitan,

17, The improvement of claim 16 wherein the radintiou
pritemn of Light from exch of the plurality of light wmitting
tious ju centered at 3 907 apgle relative to the Sreuit board.

18. The light dovier of claim 1 wherein the bufb portion
comprises one of clear glass and fiosted yloss,

10

Fid

15

3
19. 4 retrofit T.ED light tube Dor replicing a Hoht tubs iy
a fixiom, the retrofit LED light wbe comprsing
o elongated cylindtical transparent envelope,
4 base wup et an end of e envilipe, whensin the huo cap
Ik a0 gleslrical hi-pin connettr comprising & fisst pin
al 4 secomd pin exiendiog perpendiclyrly from 2
surfRee of the base cap, wherein the first and second
piny are adupled to clectrically copymunicste with =
Musresgent light socket; and

at least ontr LHD device in eleciricnl conumunication with
the buse cap, whercin the at least ope LED deviee i
clectrically conneeled w0 & rectificr and the st Jeast one
LT devive i furher electrically eonpueliad 1er 24 pulbe-
width modulatlng circnit receiving a direct currem
signal from the rectificr and supplying o medulaied
signal to the a1 Jesst one LED device,

I0. The retrolit light tebe of claim 19, whewin the TED
device comprises g circuit board and a phumlity of LEDs
serially connected to the cirenit board,

21, The relrofil light tehe of tlaim 19, firther comprising:

currcnt-limiting means coupled to the at lzast one LHD

device,

22 The retrfH light Lube of elaim 19 whorsin the bose cup
hag circoilry meses fior wanneclion with un AC souree.

23. The light device of claim 1 whereiy each of the
plurality of light emitting diodes i= arranged into one of »
plorality of spaced Light emiing dinde hapky, cach of the
pluralily of light emiuing diode banks comprising at feas
two lght emitiing diedes.

24, The improvement of elaim 3 wherein each of the
plurality of light emitting diedes iz amrenged ot oo of a
plurality of spaced Figlt emilting dicde bonks, each of the
phwality of light eimisting diode banks comprising at Teast
two light emintitg diodes.

23. The improvement of ¢laim 24 whereln each of the
plurmlily of spaced light cmitting dicde buaiks is speced
equilistanl from sdjscent ones of The purshity ol wpaed
light emitting dicde banks,

26. The improvernent of claim 15 wherein each of the
plemlity of epaced light smitting diede banks is spaced
equidistant Jrom adjacent ones of the plundity of kpiced
Light emitling diode banks.

L LI I
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