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CROSS REFERENCE TO RELATED APPLI CATI ONS The present application is rel ated
to and clains priority fromcommonly assigned U S. Patent a}o | i cation

Serial No. M@P¥388d61 fil ed December 3, 2001, the teachi r?&éf/‘%?”%?ﬂzch are

i ncorporated herein by reference. 10 TECHNI CAL FI ELD The present invention
generally relates to the field of power converters, and nore particularly
to a dual input AC and DC to programrabl e DC out put power converter.

BACKGROUND OF THE | t J cfronic products,
such as PC noteb Al(g ﬁfi 0 ! 5 Kg%%ggﬁ%ﬁ%l i Eﬁf continues to
i ncrease, th ]BGSQ, EU L IEALIAL BND&R & r and
recharge these products al so con .Eﬁi ncrease. Mst manufacturers of

nobi |l e products typically include plug-in power adapters along with these
nobi |l e products to help facilitate the power supply 20 needs of their

cust oners. ' ' tyni.cal -t0-DC, or DC-to-DC power
convertesrss %%@]Wﬁ@gﬁaﬁ%f@ﬁﬁ%ﬂ@éﬂb or step-down the DC

vol tage i nput dehjVv . I evi.ce. W.t.h. -%g pters, fox
exanpl e, users ggﬂr? pgés\%\gtr épﬁgé{ﬁ%%oq%%ﬂetgdd%v%g ecgm%lgvpé??@%é% Icuggl g‘g t he adapter
Into a si 561 . ta tesh Sen A1§/005 iledDenesibe , of fi1ces.

[ i mpdseigiéd 2.5. Dbt apgplichtizn SeaatiNm I §/00596idfled gibet®) 2061, thie of f i
Simlarly, when on . WO 03/ 038981 PCT/ US02/ 03542 i nput power is
avai | abl e, tgﬁf%ﬂigﬁgk ?"Hl[ggﬁfeaﬁ?&?%%f*lz{éﬂw XF‘?IJD"F’A‘WE, users can still power
their nobile devices by sinply using a standard, off the-shelf DC-to-DC

adapter. Nornally, both adapters are designed and tailored to provide a

regul ated DC out put voltage, which typically range from between SVDC to
30vDC 10 TECHNICAL FIELD

The present invention generally relates to the field of power converters,
and more particularly to a dual input AC and DC to programmable DC output

power converter.

BACKGROUND OF THE INVENTION

15 As the use of mobile electronic products, such as PC notebooks, PDAs ,
cellular telephones and the like, continues to increase, the need for low cost,
compact power supplies to power and recharge these products also continues to
increase. Most manufacturers of mobile products typicain include plug-in power
adapters along with these mobile products to help facilitate the power supply

20 needs of their customers.

Today’s power adapters are typically AC-to-DC, or DC-to-DC power
converters which are configured to either step-up or step-down the DC voltage
input delivered to the mobile device. With AC-to-DC édapters, for example, users
can power most mobile devices by simply plugging the adapter into a simple AC

25  wall outlet commonly found in most homes or offices. Similarly, when only DC
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dependi ng on the kind of nobile device being powered. Although these power
adapters conveniently provide direct power and recharging capabilities,
users are often required to carry separate adapters to provi de power to
each individual nobile device. This often nmeans that users have to carry
mul tiple adepodB88lone for an AC i nput power source, andP&RIBEMERS420r a 10
BC i nput power source, noreover, users typically carry nmultiple adapters to
power rmultiple devices. Thus, by carrying nore than one device at a tine)
users of nobile product users are forced to carry nore than one bul k power
supply adapter. Accprdi%& , there exists, a need for a oner converter that

. Yy
resol ves t HBPRPOGEISINAIIFRIaYEHRTIN a8 ABPORES FrAuBiane, ueds G S icar rying al |l of

the differ %Hw&%m&ﬂﬁﬂbﬁc&%ﬂﬁﬁﬁ?bﬁn@@@t@ﬁﬁﬁf, pfiiRe-SRYECH-DCde vari ety of
nobi |l e or portabl e devices. reover,, such ower converter would

. a.,
advant ageoasiepter Renmsdly cbodiadaptarg aredesigpetanddaijased o pravifle agpeulatsdr a
di fferent [ | hichypital Qe FmPRitvedd SVDE &y fmmnd regul ated DC
out put vol ggghﬁjﬁg?%lgagg’ﬁge tol_ei Itlsvtk%'erg(‘j'a'n AC a?ld 20 DC i nput vol tage.
Mor eoverS  biephadingion the kinded mobite/davicedeing@owergdmul ti pl e out put terminal s,
users have the ability of providing power to several nobile devices of
varyi ng power T AuldugiBRkpowst MdblcRnBRYHichuy pRARUea Hoskr et her Lhe | nput
voltage is AC or, DC. 25 _2_ 03/ 038981 / US02/ 03542 SUMVARY OF THE
| NVENTI ON Tisehauging espabiliticss tersoue eften required feedsry separate adapiirtl§es as a power
converter : l: i : t N ' from either
an AC i nputcl?r \E}gllg% ga‘gérot§ g&aml‘_‘%h?g‘bag?ﬁ‘ \bg%gg%f m&gﬁ%ﬁo\{}\e@@ cgg%$s¥§?e can be
external | y tpreegy amitiiié alaptorsconedor an AL deput pewgs soros; end anpthea fd acur r ent

Vor covel? - tRg EAVSobh Ayl W BN Par TR A RIBOHD b e

associ at ed pdveen nhadtipledeviees.eTlals, Wi dafryingmyore thae oficdayice ehptimeyusersnecessary to
power a wi de. var.jety, of nphbil duct s, hay] € ut vol tage
connect i ons?frﬂ%bdielpéyc}??{)‘%fffétareugré’g‘i%ccgﬁgls??o gff%ﬁ%éo% :!%1658 \t}gr nul tiple

mobi | e devigfagtenf varying power specifications. In one preferred

enbodi nent, the invention is a power converter having a first circuit
adapted to receiye i t. i i ogr amrabl e DC
out put vol tage. cgﬁg%égrtﬁegg%\}seﬁr/?}é%ea?ﬁrcﬁ%&gvggg%wglg%gﬁ%;égl&?tésu@ adapted to
provi del’a sssentnmaggnenprblemsBEooiated tithwatryiag ell bfithe dffeoemé power a 15 DC

i nput voltage., The power converter also.includ A1 Lrcuit that, in
response toglpglgﬁmpﬁ@c\gfﬁ{gcﬁsw%{o pé’ﬁv(frggéqfn‘&nﬁéfog&oglu? @\P(r)og‘flglaes, generates a
sel ect abl e d¥vicesioricowen) sucigepmter aorviertartwaid pivantagdondpermromptdse third circuit
general ly conprises a feedback ciLrcuif.and is adapted ta jnterface with a
renovabl e pﬁﬂgé)?%ﬁﬂeﬁfwﬁ’i séngl*HF%s Bk | ﬁrén%%ﬁzd%Ylg%ft HEW 'Iﬂﬁows users of
the power cappyBrdfitterddiand GeghbikedC vathyt volthgdih r@&porisb e eithkt ApeClandvel of the DC
out put voltage. The power converter also includeg a fourth circuit that is
coupl ed?® o ]sgrl’éffut HBIF%GWOFFH\?WWW%PP?BW ‘i°nf5‘?‘g?fi5}ﬁ§‘§ggl tgg%ﬁl&p‘%c out put

vol t age as @rase\HelUhwithe M Bf povidiiiaRRRe R Hevadl mabild dsubstoint i al |y | ower
than the sel ectabl e DC qut put vol anot her enbodi ment, the

) L age. 25 | |
i nventi on i WrAENEBOWEICHIregsHE TR RGeSy, @&%rgleﬁilﬁf"f BEHBRIPHE | y sel ectabl e
DC out put veiifaggfRsacd Br DESPonse to an AC input voltage or a DC input
vol tage. This nethod is achieved by the act of converting -3

25



WO 03/ 038981 PCT/ US02/ 03542 the received AC or DC input voltage to a first
programmabl e DC out put voltage at a first output. The converting act is
then followed by a receiving act wherein the first DC output voltage is
received by a converting circuit. The converting circuit initiates a

gener ati ng V¥R #3/4388er ati ng a second DC output vol tage thafCTdS9¥Bendent of
and substantially |ower than the programmabl e DC output voltage. -4 WO
031 038981 PCTI US021 03542 BRI EF DESCRI PTI ON OF THE DRAW NGS Advant ages of
the invention and the specific enbodiments will be understood by those of
ordinary skjiJ| in_ t ar reference to the follow ng detail ed

descri p%/i onéﬁMl‘ﬁf\E-P&%FmﬁlﬁXEﬁﬁéﬁs taken in conjunction with the

drawi ngs, in whigh: Figure LA shows a.block diagram of a dual input AC and
DC power convert’@’repﬁ%ﬁ? veHan @ v?ﬁ&?‘fhﬁ’é’éf‘m(?“ﬁﬁﬁg% a5 {POWESPRSHEE with t he

present i nvephblest supplyigaludEDS bapst dltagey dbidebaddron EitHePin ADGnpapnverter with
the detachable 10 %bﬁﬁk circuit; Figure shows a schemmtic diagram of the

g 2
pover convefaliase & iLgput xolfage. Ehenomgrcqnyentsr san ke axieriallyc cor dance with the
present § NvgBiiaMRiabRi6 chied W Wededafgd@fFoltagt ahdbdrRet SieBbhs sifiaB@r am of a
DC-to- DC buck converter circuit in accordance with the present invention;
and 15 -5- for gysideapisyd mobdyprodiey plerings. Ipreayqrethe PRSTRPIEIEIN OF THE
PREFERRED BNl TholfaEndB A, Biob 1ok Bibict Sviln e b R RraR gy Pr esent
applications wll be described with particular reférence to the presently
preferred exnteriBeegopnoneieingeessery to peves aavide yarietyrafmabilpprodnete Byt ood that this
class of e i t i 3
advant ageou s TR cupt OIS dibeAlbel dobl EREIATRLE Spl st BB ¢ ot errent
made i nl@ heposyee viuktipdembbite devicesf vpryigpowen gpecificatidnen do not necessarily
delimt any of the various clainmed inventions. Mreover, sone statenents

may apply to Sormohggﬁme&%mi,@&mt%e erHﬁtidﬁ?E i\g%%tchﬁre&er Hlink2€re i s shown

in Figure | A a block diagram of a dual 1npu
first circuit adapted to receive an AC input voltage and provide a first

programmable DC output voltage. The power converter includes a second circuit
adapted to provide a second programmable DC output voltage in response to a

15 DC input voltage. The power converter also includes a third circuit that, in
response to receiving the first and second DC output voltages, generates a
selectable DC output voltage at a first output. Moreover, the third circuit generally
comprises a feedback circuit and is adapted to interface with a removable program
module. This programming module feature allows users of the power converter to

20  selectively establish the voltage level of the DC output voltage. The power
converter also includes a fourth circuit that is coupled to first output. The fourth
circuit provides a second DC output voltage as a second output which is
independent of, and substantially lower than the selectable DC output voltage.

25 In another embodiment, the invention is a method of generating at least

two independently selectable DC output voltages in response to an AC input

voltage or a DC input voltage. This method is achieved by the act of converting
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power converter 10 having dual programmuabl e DC voltage outputs in
accordance with the present invention. Preferably, the dual input AC/ DC
power converter 10 conprises a power converter circuit 20 having an
AC-to-DC converter 22, a DCo-DC booster converter 24, a feedback circuit
26, a filtaYOR¥38it 25 and a DC-to 15 DC buck converter PSEUSEHE3oner
converter circuit 20 is seen housed in housing 13 and advant ageously
provi des a first programrabl e DC out put voltage at DC output term nal 16
and a second programrabl e DC out put voltage at term nal 18. Both of these

DC out put vol tages y .gener.at e functi on R@h pd DC i nput
vol t ages. ﬂ@fP‘FPl‘@BeArEPT ﬁ&l “%1“5%015&35 g’&a%étapégﬂ'argnta& Dgfz cel vgsea‘an AC si gnal
via input Leggiddht The daleRting witdemenfollogel by 8 eecEingutipuliersiniiteage at node N
Simlarly, the DC-to-DC booster convertergﬁﬁnggé recej.ve. aPEC i nput
e

vol tage at firstDG et voltageiingoneivaddya eayering CgELfing o a regul at ed
DC out put 19415t@9§%<§1teraﬁﬂg§ctgénerdtlﬂgldtseéoﬁ& DUT&JtI.ﬁJt Yelizppchalih are integrated into

a single commobn connec Such t hat ferent _power cords adapted to
recei veSi nmndepgmmroffand)Bnbaﬁalﬂtiaélb’é‘?werﬁhﬁﬂrth‘“e@°§ﬁ@mra€]€@cs ﬁ * conmon
connector 17. For instance, DC power from-6 WO 03I038981 PCT/ US02/ 03542
an airplane or car power source are wired to couple to input 12 and AC
source is wired to couple to input 14. In a sel ected enbodi nent, the
AC-to-DC converter 22 is adapted to generate a DC out put vol tage of between
15VDC and 24VDC in response to an AC input voltage at termnal 12 ranging
bet ween 90VAC and 5 265VAC. Li kewi se, the DC-to-DC booster converter 24 is
adapted to provide a DC output voltage which is substantially simlar to
that of converter 22, but which is generated in response to a DC i nput

vol tage supplied at input termnal 14. Preferably, DC-to-DC booster
converter 24 is adapted to receive a voltage in the range of between 11 VDC
and 16VDC. Advant ageously, AC-to-DC conversion, 10 via AC-to-DC converter
22, allows users of the power converter 10 to power high-power nobile

devi ces, such as a | aptop conputer wherever AC input power is available,
such as in the hone or office, for exanple. Conversely, the DC-toDC booster
converter 24 of the power converter 10 is capable of powering simlar

hi gh- power devices by stepping up nost | ow anplitude DC i nput signals, such
as 15 those found in autonobile and/or airplane environnments. As shown,
filter circuit 25 has its input tied to the respective outputs of the
converter 22 and 24. In a preferred enbodinment, the filter circuit is
adapted to provide a filtered DC output voltage at second node N2, which)
thereafter, feeds output term nal 16, at an output power of 75 watts, for
exanpl e. 20 The single feedback circuit 26 is shown coupled to the output
of filter circuit 25 at node N2. In a preferred enbodi nent, the feedback 26
circuit, through a single feedback |oop, regulates the voltage |evel of the
filtered DC out put voltages generated by both converters 22 and 24.
Additionally, the feedback circuit 26 is adapted to receive a renovabl e
programm ng nodul e that 25 all ows nobile device users to provide a

sel ectabl e DC out put voltage at output 16 via node N2. The programm ng
nodul e conprises a key 15 conprising a resistor, wherein different

associ ated values of the resistor establish different associated -7 WO
031 038981 PCT/ US02/ 03542 DC out put voltages at output 16. By allow ng users
to selectively change the voltage level of the filtered DC out put voltage,
the power converter 10 may be adapted to power a variety of different
nobi | e el ectroni c devices, having different associ ated power requirenents.
Mor eover, the power converter's 10 programm ng nodul e may al so be adapted
to provide the additional function of output current limting. The DC-to-DC
buck converter 28 has its input coupled at node N2, providing a second DC
output voltage that is then fed to owput term nal 18, having an out put
power of 10 watts, for exanple. Preferably, buck converter 28




10 discreetly steps down the filtered DC voltage and produces a second DC
out put voltage at a separate output termnal 18. In a selected enbodi nent,
t he buck converter 28 steps down the filtered DC output voltage to a range
of about 3 VDC and 15VDC. Advant ageously, this second DC out put voltage
gener at ed DYOeHIHWAter 28 is i ndependent of, and subst antACHUS238Ker t han
the DC output 15 voltage at termnal 16. This allows users of the present
invention to power not only a high-power peripheral, such as a | aptop
conputer, but also, a second, |owpower peripheral, such as a cell phone,

per phor al sBRAEE DESCHIHON ok I BRISINGS" 2 < no1 & conver ter, T egar di ess

if the input voltage is AC or DC. The buck converter 28 is 20 physically
det achabl e fr om Adeantugesofitieisventjod andthe sgeoific embodigntsvillb8, al | ow ng

di fferent buc ircuits ovi di ng..di fferent outpu olLtages to be

sel ecti vel yuléci%fsi%oﬁlg)@f ﬂﬁoﬁe ﬁé?fémﬁﬁ' S%éld’ﬁﬁlﬂf %elﬁ'%‘; YESD oc}ﬁ? ‘tﬂ%lf’g’b“@l tage from

out put t er niletailed BscripibredMpréTorrsismbodinmngilitleendn tdiguitibswah@wn a schematic

di agr am of %he.Power converter circuit 20 of the dual input AC/ DC power
convertet 192 fﬁéna@ﬁﬁcted in Figure 1 in accordance with an exenplary
enbodi nent of the present invention. As described herein in greater detail,
t hef powegI C(r)rtr;vgrmigureawshwviaﬂleck d'limgraﬁh -of a dWMDifhut B8RO DPEIWdIS02/ 03542 a
preferred enbodi nent,, conprjses three separate converters: AC-to-DC power
converter Zﬁnvfﬁq%évl%ggngéo?@éﬁ%%@a&?ﬂigww h e RESER converter 28.
AC- TO DC COnVEMBER The AC-to-DC power converter 22 includes a true off line
switcher which 5 1s configured in a fly-back topol ogy. Full-wave
rectification of_.an nput signal,, received at inpuyt ternpal 12, occurs
using a full - wav%g'brf’ﬁgﬁh° seaé‘tﬁl"Pﬁa?‘i eyt o g °8HW%F&%4%'E‘888‘&?% d, which
creat esi(a Déuckelrtwifje bus from which the switcher operates. |nductor L1
offers additional EM filtering of the AC signal after the signal has been

rectified throu th ul | -wave bri.dge, e AC-t o- 10 converter 22 also
el udea . ot n TUEHE ST s SRS el et RS oo BRI pul e wi o h
modul at or (iHMéated\hiFiguesoninradtdrédnce With itlse présent invenfibgund®d t o have a

si ngl e-ended output with totem pole driver transistors coupled thereto. The

ACt o- DC power copver 22 i n..pawer sw i,ch drives the main
transfornmer TI1. %If}%m- 85§$°3¥sear‘irgga§‘e‘iﬁ°§gﬁﬁaﬂ‘gﬁf‘g,mﬁ?£ﬂa{D@i’iﬁ’%‘aﬁhﬁﬁ Tl, Schottky

di ode 15 Diconvertw cireditiehcooaiancd with the pebdern irelefizin; aigiTbi ne to provide the DC
out put voltage at node NI. As noted earlier, filter circuit 25 allows for
additional filtering of the DC output voltage derived fromnode NI. The
filter Circuit 2S itself conprises inductor L3, capacitor C26 and
transfornmer NFl. Advantageously, the filter 20 circuit 2S produces a
filtered DC out put voltage at output 16 having | ess than 100nv peak-to-peak
noi se and ripple.




The feedback circuit 26, through a single feedback |oop, is capable of
regulating the filtered DC output voltages provided by the converters 22
and 24. The feedback circuit 26 is also adapted to be coupled to a
renmovabl e 25 programm ng nodul e having a key 15, conprising resistor R53.
As such, t R¥O 0338981 \\0 03/ 038981 PCT/ US02/ 03542 pr esent iﬁ€g/ﬁ1§92é‘}?54&| | ows
users to selectively programthe DC output voltage |ater received at output
termnal 16. The feedback circuit 26 includes a photocoupler circuit
conprising a pair of photocouplers PH and PH3 connected in series (i.e.,

ked), h bej | lifi | C4- A
and 1 or. b, DEVACRDSRESRIioNeol ing RSHkutlo ShTBCIAAL TP | LS

f eedback | oop of  the feedback .circui.t i1 . e .f eedback
circuit 26 effi J@qunéwpﬁathggEqaﬁ%ngsﬁégh@gég%le%g@z{a{ﬁﬁﬁs ‘%/lgﬁ’fages gener at ed
?K boL ht COn&@éﬂf&ﬂ&viﬂfpha&fﬂiﬂﬁfeférfﬁcﬁlttgﬂletp.l_‘csdtm:peef&wiﬁ&l amjxl:ltyoop. I n stacki tng |
e phot o- coupl ers, e presen nventi.on .allo . r converter
O to mai nt afPbQSHBHES- Hoxfruey ’(5ﬁlioﬁlﬁtbel%‘g?r§t89‘é\ﬁ\a€tﬁlstfiafs§/\é%r? b:aglsngegﬁ(lzgt?i ve termnal s
12 and 14 andyiaed K o &% Baiiples bthe Miaa edwaltagcous hees and jnbvative rent | i miting
function of” converter 22 is acconplish d,v%a i nt e%zreoatg ciLeuit | C4AA,
resistors R@@thm?l,efe%g}ge&ﬁﬂl,ﬁﬂ@m&ﬁﬁnﬁﬁ%& BreReAHiCReL L IS PTEEY  over vol t age

protection gf 1AL Qroliot RQBMEHKTY B6lindiR alnBofakdWLeasiclbisied fhvihtiqnsot ocoupl er PH2
and zener d%’é‘g@m? In a pre?erred eyrsr.i)odi,rrent, fzener dj Oog?o ZD2 is set at
0

25V such t hiforegvem sdme ggtamerieriay spdetospme inyertive fratures, BRROL % s de of

phot ocoupl eBthEJ?Z to bias transistor Q1 into the on state. Wien it is the
on state, transistor @@ pulls low pin 1 of integrated controller IC 1 and
pul I's tbe oper at Theye shgweipdligirol Awrdock diagipnnefdusbispitA¢/BC  owar ds 0%
This takes the DC 20 vl it forlidne®Si stor QL is
on, transi SP%WCrQQnYegth&g&énng@élﬁ gﬁ%&@ﬁ@h&%ﬁﬁé@@? iﬁ]hgse two transistors
becone | at cligt thd fredencinsénsibmPsefeatilythe de inpubACHRE peswer cprysiter Yower nust be

recycled in order for the power 0 Apegai n. 25 -10
VO 03/ 0389810%*%8%?6%3%“%@@%E%%&ﬁz%&f?ﬁg °%*cqe§§r%2% converter 24 is
confi gured tdiDe Hooster cohogtat D4y feedblackicitcit 26, atfiiter eirowis 2k iandia BC-tont egr at ed

controller, 1C2, as used.j n.converter . ter 24,
transi stor %%@F@%‘éﬁrtf’??eg'#&FROE%RA%PVCSWF%%R%)F?%%B gfswt 2 nain
rectifier. PgefeidRhiigecustdyrivites 4 Arst progaiamisbt DG ofipntcvoitage 4D power boost
i nductor, which is caonprised of,a toroi e-t I { shoul d be
under st ood CHRR teRnlIOEG2 sch%grogrfammag}fglgé B&?th‘ﬁ’(l} L%gl . %Fgl{ngloinsﬁlect ed,
forning an QRarbrRekiWiEdkit9olageeaby bé Fgcarudys afimctar gt ACtd .

Advant ageously, this elimnates the board space needed for a second set of
filters cap®G mputsvoltages| j ke t he AC-to-DC converter 22, the DC-to-DC
converter 24 is also designed to operate at a frequency of around 80KHZ.
For t he24C- t 0- DCrcepwyfiohethe 2,0 D@ capeata2l ngpeiveegqubsignalyisiaputpy resi st or

R13 and capacitor C7. Likew se, .th perati fre Ya: 0f: -to-DC
converter 2Aergunal §2pndproy gqasrp@}latﬁgg&éwémig%%gf 'f‘ton(raaﬁgg'. S’%gla#ﬂ?l%g t 0- DC
converter 24dRebodRsstedcorvéier ¥Phyfeeeips o DHC inpotvaltagecatits inpotyia i si ng zener
di ode ZD2, resistor R23, R24, RA48, .transist 5 d sili -controlled
rectifier Sdmputteaninal b‘}H@én%ﬂi“é’é?"ééetarfgg‘&}etgg-b\pc%l“%%gglga%#e@figgﬁ‘ poi nt ( OVP)
which is preferably set at 25VDC. Cenerally, there is no current flow ng

t hrough resi st or 1B tertinalstiQwed Bf are idiegnatzdingr a singlel cor@an bageater to 20

conduct current, the drop across,R48 is signif.icant e i as

transi st2r (F sueh that differant noper cords aéﬁ‘?tﬁcftotr %H‘ieﬂ%?“%ﬁ? ﬁ%ﬁ%ﬁ?ﬁ%‘é{ﬁeby turni ng
silicon contggllede F@6ikkd bthe Snrho®onnWi6r 75 iFok inetanaepDCrpokver farhi fi er SC 1
ison, it pulls pin 1 of the integrated controller 1C2 Iow. Thus, if pin

| of integrated controller 1C2 is low, the output drivers thereof axe forced
to operate at a duty cycle of 0% thereby 25 produci ng a DC out put voltage
of 0 volts at pin 6. Advantageously, fghe silicon controlled rectifier SCl
functions as a power latch circuit that requires that input




-11 WO 03/038981 PCT/ US02/ 03542 power be recycled in order to turn on the
power converter 10 if a voltage above 25VDC is detected at node NI. The
tenperature of the housing 13 of the power converter 10 is rnonitored using
a thermstor NIC3. If, for exanple, there is a correspondi ng increase in
the 5 t enp&YQPVEBHf the housing 13, it will result in apggglr%’é@@“i n the
resistive value of therm stor NTC3, thereby causing transistor @ to turn
on and pull lowpin 1 of integrated circuit 1C2 of converter 24. MNboreover,
this causes the photo-coupler PH2 to be biased enough to activate a | atch

circuit conprising transistors a hat. wi he power
convert er mmmlwe&aa?rm%ﬁr,S°El'f?8%%%8%@@??’&?%%@%&%&% prot ection
o U5l et Bt sl s o DE A0 | oL

v ge is being i v i s ive i i gu

shows a defais adaptediosenerpte aa%wwveﬁa&%wggﬁﬂﬁ?%%%ﬁ%iﬂmiﬁ ter 28 in
accor dance i i REGHRMollapy @rindihl 1TheghyoliveanstyA€unds has an

i nt egrated rcurt con er IC 1, simlar to,cqonverters.22 and 24, which
is 15 aflap2ésvAC. hkewisathe RErtoRCYoraterronyertey ¢4 i PR Yethsi st or switch
Q 1. The operati @il bo thitloficSnveREr 22y b@astaeh t or  C6,
which is C@S%?u%ﬂ%gita{\égﬁl?%ﬁ%s@&g@ 1S and 0gr_ound, and resistor R, which is
coupl ed betsgasraget sredpansectod DT inpyt wltagesupplicd mapphieminalilfe di ode D1

Functi ons GoNBLASSSod, BRLLECaNe 18 IhaipiasioiaaRedoltsgiiatie o ode

| nduct or power 1 nductor an coupl es the gate of power
transi st or rfggebObdtmien 11MDEardll 6VDG hivwantsgenyslydAGde-WEIPIVESIOBNG t he drain

termnal of . p r_transist \es current -
pr ot ectlpon"{ao‘géﬁ%ﬂdc‘ﬁ’ﬁ\v/g%fgé’ %Ws@&&t@%%ggﬁg&%r}%?&fﬁ of the buck
converter Zghlsovid HobReélddvives, Rechoustaagtopéonipuker ehersver A inpREpoFier node N2,

wherein V;" receives the filtered ut pu 5 efrom In a
preferred dndygHetiespch asipthy 81?68’6?%?’3%?&2%1)%? géﬁ%g%ggﬂ%mﬁ% DC out put

vol t age at Pé@hbostes CotveRst Mo f Gstppwer donvertenal isi@pablahfpowsgepsimilr - 12 WO
03/038981 PCT/ US02/ 035a2 t he buck cogvert 8 dhﬁcr ec?tsilg%{algtsg&s down t he
filtered Dbighapqyer dovicasky steaning W Bostdew amplmde N 1PNt SEIAS SICHES age at

out put ster i, Naleuhd ihitsiobif sndeeafMRRhviefnmead substantial |y | ower than
t he DCltgut giﬁ‘% v%‘%‘t age at output termnal 16. Likew se, the DC out put

vol tage of the buck conyert.er, enahl es .users | | pheral s,
such as, a cel | AssBpa, filtsr gsgaut ?ggm?sdpp@itﬁﬁ Foat?‘e Wg%%cﬁ‘éé)%t%@ﬁé In a

sel ect ed e@ﬁ&@rﬁ?@i and D TDUSKfAONNABIdiR et WY filbrsirciitisadayedtd to provi de a
DC out put voltage at output term nal 18dr a@eglgﬂ%gb%t %ﬁe@ﬁg’rvggd@nd 15VDC,

sel ect i vel yreddes filteredDgoupuf voltags hieepnd g o5 e VAt de ot resistor R
used in the, ak tdGiHafl6, BSlouGRPYEWAroF 72Rattypifdriexanglat al  power delivery of 10
watts, for exanple. 10 As previously nentioned, the buck converter 28 nay

be housed in a separate et achabl e. program | es users to
sel ecti3fely pr od@hﬁﬁnﬁf?édeﬁga‘éﬁﬂlﬁﬁ'?%&sp%‘g%c%?@g##ngr?a'ltﬂaglg aspa function of
different agsaghateshddirk 1€ 0 pietinted bmbbditests the Tredbugk 26kircuiivent i on has been
described wth respect to specific gr ferhed 15 eﬂgogit&gj{lb&, many

vari ati ons threagheemgledeadbaskdoqn raguigtes Biparolipgs JPveh ot R IIHES 8 ki 1 1 ed in the
art upon r e(?agé:g%ﬁ s DérRfidloy 3B dofidriefy 2 dntl 24 SAddittunafigrties t he int enti on
that the app ed clarnms be interpreted as roadla%BJg]? I?lo%ﬁi@l in view of
the prior afeedback tirmuit2@ds adapted FIGCarve 3 TaMOYIe BIREF AT BRs. 20

25  allows mobile device users to provide a selectable DC output voltage at output 16

via node N2. The programming module comprises a key 15 comprising a resistor,

wherein different associated values of the resistor establish different associated

-



-13 WO 031 038981 PCT/ US02/ 03542 WHAT IS CLAIMED | S: A power converter,
conprising: a first circuit converting an AC i nput voltage to a first
predeterm ned DC output voltage; 5 a second circuit converting a DC input
voltage to a second predeterm ned DC output voltage; a third circuit

recei ving ¥ B#BEt and second predeternined DC vol t agedCEF§¥P2r esponse
thereto, providing a sel ectable DC output voltage at a first output,

wherein said sel ectabl e DC output voltage is established as a function 10 a
renovabl e program nodul e; and a fourth circuit coupl ed to said first output

and provi di a. second out e at S 0 wher eby said
secogd DC V@?&ogﬁ&x?gﬁ]?w%o ﬁﬂ%p%’n& N n%flsersgtﬂagl% I(yd:ﬁzgrfgat{lg, | ower t han
fsal dhsel ect adltage I&el(hf;tl&]lcﬂlthevﬂm(agﬁtpuﬂ%kage ﬁh@oﬁ@ﬂ?ﬁﬁiﬁﬂ@fﬂa@be ?f gl alt mdlt
urther co ng a fifth cir conp ng a filter circuit adapted to
filter said WE‘{aP?egth e 2yate °§&‘g‘{9@!‘@|’1ﬁ1?1i?é‘}°§@“6d?‘b‘éﬁs’ heyingdifdareing provi de a
respective Itdsbcﬁite&ﬁ&ve?e&?ﬁﬁlnéﬂté wre&e%%%onw&kér%%ﬁ& grimf@iigmon node. 20

3. The povver converter Claim1 wherein said first ci rcwt conprises a
AC-t o- DC f | JegRlk mayHise be adaptadite provide dhy additional durption playak cemer ter | s
adapted to pmawgde a DC output voltage of between 15VDC 'and 24VDC. 25 4.
The power converter of daim1l wherein said second circuit conprises a
DC-t o- DC boost converter, wherein said DC-to-DC boost converter is adapted

to provide a DC Biftltto-P6 tusk sonyerter28hseis nputseuplediatnedes2,

providing a second DC output voltage that is then fed to output terminal 18,

having an output power of 10 watts, for example, Preferably, buck converter 28

10 discreetly steps down the filtered DC voltage and produces a second DC output
voltage at a separate output terminal 18. In a selected embodiment, the buck
converter 28 steps down the filtered DC output voltage to a range of about 3VDC
and 15VDC. Advantageously, this second DC output voltage generated by
converter 28 is independent of, and substantially lower than the DC output

15  voltage at terminal 16. This allows users of the present invention to power not
only a high-power peripheral, such as a laptop computer, but also, a second, low-
power peripheral, such as a cell phone, PDA, and the like. Moreover, the present
invention allows for these peripherals to be powered simultaneously by a single
converter, regardless if the input voltage is AC or DC. The buck converter 28 is

20  physically detachable from the main housing 13 as shown in Figure 1B, allowing
different buck circuits providing different output voltages to be selectively
attached to housing 13 and tap the DC output voltage from output terminal 18.

Referring now to Figure 2 there is shown a schematic diagram of the
power converter circuit 20 of the dual input AC/DC power converter 10 as
25  depicted in Figure 1 in accordance with an exemplary embodiment of the present

invention. As described herein in greater detail, the power converter circuit 20, in



-14 WD 03/038981 PCT/ US02/ 03542 5. The power- converter of Claim1l wherein
said third circuit includes a feedback circuit coupled to said first

circuit and said second circuit, said feedback circuit regulating the first
and second predeterm ned DC vol tages generated by said first and second
circuits. V@308l power converter of O aim5 wherein saf§TUERIBERK circuit
conprises a single loop. 7. The power converter of Claim1l wherein said
fourth circuit 10 conprises a DC-to-DC buck converter providing said second
DC out put voltage, said DC-to-DC buck converter providing said second DC
out put vol tage _of be en 3VDC and_15VDC. 8. Th o) nverter of Claiml
wher ei n sai aglfeﬁ?rgﬂf‘%\éﬁgﬁ%ﬁﬂnpf@%ﬁhéf&éwm?me%égﬁ Eﬂ]ﬁ Mehges are

subst anti al tohven@ 23DE/DNBocRE @nPérfiy 24,.86ld DT-R-DO B conelter 29. The power
converter of Claim1l wherein said first and second predeterm ned DC out put
vol t ages ofﬁig;iﬁ]é qrnm‘lgﬁ‘ | rst and second circuit are 20 established via
sai d renpovabi-é" pr ‘g[ , Wherein said renpvabl e program nodul e
conprises a key adapted to be renovably coupled to said power converter.

10. The power commw-mpo@wbmv&nwmﬁmludesatrde0ﬂ‘ﬂinyabﬂtce1epwhigmam 25 nodul e

COTP <08 SR Y Rl e AU S e el b R AR 0P
PCT/ US02/ 03Eigdal, received at input tenmnal 12, occurs using a full-wave bridge rectiﬁer
BD1 and a filter capacitor C1, which creates a DC voltage bus from which the
switcher operates. Inductor L1 offers additional EMI filtering of the AC signal
after the signal has been rectified through the full-wave bridge. The AC-to-DC
10  converter 22 also includes a main controller IC1 configured as a current mode
pulse-width modulator (PWM). Main controller IC1 is also configured to have a
single-ended output with totem pole driver transistors coupled thereto. The AC-

to-DC power converter 22 has a main power switch Q1 which drives the main
transformer T1. In a preferred embodiment, the transformer T1, Schottky diode

15 D11, and filter capacitors C24 and C25 combine to provide the DC output voltage
at node N1.

As noted earlier, filter circuit 25 allows for additional filtering of the DC
output voltage derived from node N1. The filter circuit 25 itself comprises
inductor L3, capacitor C26 and transformer NF1. Advantageously, the filter

20  circuit 25 produces a filtered DC output voltage at output 16 having less than
100mv peak-to-peak noise and ripple.

The feedback circuit 26, through a single feedback loop, is capable of
regulating the filtered DC output voltages provided by the converters 22 and 24.
The feedback circuit 26 is also adapted to be coupled to a removable

25  programming module having a key 15, comprising resistor R53. As such, the




11. The power converter -of Caim 10 wherein said key establishes an out put
vol tage function. 12. The power converter of Caim 10 wherein said key
establishes an 5 output current limting function. 13. The power converter
of Claiml wherein said first circuit is adapted to receive an AC i nput

vol tage haWQgp/¥88hnge of 90VAC to 265VAC. 10 14. The poRET/WHREPter of
Claim1l wherein said second circuit is adapted to receive a DC input

vol tage having a range of 11 VDC to 16VDC. 15. The power converter of Caim
1 wherein said first and second pr edet erm ned DC out put voltages are

programuabl e as .a fynctjon he. pr.ogram 15 ower
converter dweseRtdnypniion g lgp@luﬁerg le% Frogem og%%?%negpgdtsecond
removabl e peQseAR SISl k@mindh es. aihe fedbatk RO b mwrarphbtovmpmge at said
second output is a function of sai d dif lefglgﬁ’ assoc ted se ond 20

renovabl e (G eempFsNg aggir of photoepuply r“t‘)@’i1 ' wherein said
FIfth circyyly édzféabl?selh@wugﬁa$o ﬁae@ﬁ@h@%rbmtﬁnﬂ@mﬂlﬁeﬁammpmt ection

circuit pI’OVI an over-vol t age protecti on function The pOV\BI’

convert &r JCAB. Aidvatagoausliithese ﬁhOthtuIterS@FerWSedaPr\?}lgtth%g @t@ﬁ]ﬁd circuit

receive th irBltid6 »Ekie s at a comon
singl e conﬁle 5%@&%@%}?\/{%‘&&@8%S%ﬁhﬁ%/ﬁl&%égg})%g&lgﬂl9 Alrrg?ﬁod of

gener at i ng mpulatestbe fittenod Dﬁd@@ﬁ@@kﬂgbﬁlg@@la@éb&m@ convesigrsgdand df t ages i n
t th
response to e"lc‘:lglﬁv mgﬂ féﬁ?%] ﬁpétﬁcilﬁgxi 8%" lﬁto%ubﬁ&uihe\f)%s&ﬁge conpri sing

the steps o cel veo voltag)gtoaflrst 5
sel ect abl e 1EDGbnnui plsd al\lmdvstthgmwarementml@ tg mamtam p@perggptg@p t e DC out put

vol tage enera co t £t G4d.s 1 ndependent of
and sub ﬁtllcw’ %‘ﬁﬁﬂfes{’ﬁc egm?‘%siqrﬁs?ﬁajse ggll éﬂg out put vol t age.
Preferably, the output current limiting function of converter 221is
accomplished via integrated circuit IC4A, resistors R33, R37, R38, and R39 and

programming resistor R54.

Over voltage protection of AC-to-DC converter 22 is achieved using

15 photocoupler PH2 and zener diode ZD2. In a preferred embodiment, zener diode
7ZD2 is set at 25V such that when in avalanche mode it causes the transistor side
of photocoupler PH2 to bias transistor Q1 into the on state. When it is the on
state, transistor Q3 pulls low pin 1 of integrated controller ICland pulls the
operating duty cycle of the integrated controller towards 0%. This takes the DC

20  output voltage to 0 volts. Also, when transistor Q1 is on, transistor Q2 is also
forced on which then forces these two transistors become latched. If transistors
Q1 and Q2 are latched, input power must be recycled in order for the power

converter 10 to be tumed on again,

25

-10-



10 Z0. The nethod of Caim19 further conprising the step of selectively
establishing the voltage nagnitude of said first sel ectable DC out put

vol tage using a renovabl e program nodul e. 21. The nethod of C aim 19
wherein said first selectable DC output 15 voltage is provided by an
AC-to- DC f IWD&¥8Wbnverter in response to an AC input voIPFgﬁjé!’Z/‘?g".z The
met hod of Claim 19 wherein said first sel ectable DC output voltage is
provi ded by a DC/ DC boost converter in response .to a DC input 20 voltage.
23. The nmethod of Caim19 further conprising the step of altering said

first sel ectgble M% tage via a filter circuit, said filter
circuit pro%#ﬁ’gﬁg | te?‘éléﬁbc out put voltage of between 15VDC and 25VDC.
25 -17 WD 03/038981 PCT/ US02/ 03542 24. The met hod of C aim 23 wherein
said filter circUhaDGuoN cangertap2plissmbnfignred id@-Hoostpdiogyland aties t er, wher ei n

said DC-to- . verter.is apted to provide t Sec separate and
| ndependent F%ég%{g gt%? ng?ggag ecogfrgﬁ%MEW‘@ cgﬂ‘éfﬂf%%@ ﬁ’g(@g@' The net hod
of O ai m 19 Déhenesrter 34,itchnsigoDQ8 Mteathogaidapowesiitch @adBlods BB agthéey havi ng a

set of resistors,.. ein, said first, sel ectahl e, DC out put_voltage is a
funct i ongof niafpereé}‘aﬁ,‘\’g?}?#ra@{emg?°t%’£2ds F@Fegtt‘b cofps APOWpRRONSEt hod of O ai m
25 wherei n gfiductok @MichS4 eddhrRE®st ABroddiéddsiypy lduaee It speldwn. 27. The net hod
of Claim 25 erei.n Sﬂéﬁd g)gg es&aabl | shes an qutput current limting

i lea

function. 1¥ndsgstoogiuat ofidindsoD hhandd$,are spnnepted, foripg vol t age can

have a rangen @Re@&ﬁﬂﬁ@iaﬁoﬁ@&fﬁﬁﬁgo%%onf%ﬁtpﬁ?ﬁl?&ﬂA&Jaxa%g@du?g}ﬁismer ein said DC

I nput voltage can have a 20 range of 11 VDC to 16V _
eliminates the board space needed for a second set of filters capacitors.

10 Like the AC~to-DC converter 22, the DC-to-DC converter 24 is also
designed to operate at a frequency of around 80KHZ. For the AC-to-DC converter
22, the operating frequency is set by resistor R13 and capacitor C7. Likewise, the
operating frequency of the DC-to-DC converter 24 are set by resistor R28 and
capacitor C28.

15 The DC-to-DC converter 24 includes an over-voltage protection circuit
comprising zener diode ZD2, resistor R23, R24, R48, transistor Q415, and
silicon-controlled rectifier SC1. Zener diode ZD?2 sets the over-voltage protection
point (OVP) which is preferably set at 25VDC. Generally, there is no current
flowing through resistor R48. If, however, when zener diode ZD2 begins to

20  conduct current, the drop across R48 is significant enough to bias transistor Q6
on, pulling its collector terminal high, and thereby turning silicon controlled
rectifier SC1 on. When silicon control rectifier SC1 is on, it pulls pin 1 of the
integrated controller IC2 low. Thus, if pin 1of integrated controller IC2 is low, the
output drivers thereof are forced to operate at a duty cycle of 0%, thereby

25  producing a DC output voltage of 0 volts at pin 6. Advantageously, the silicon

controlled rectifier SC1 functions as a power latch circuit that requires that input

-11-



WO 03/038981 PCT/ US02103542 30. A power converter, conprising: a first
circuit converting an AC input voltage to a first predeterm ned DC out put
voltage; a second circuit converting a DC input voltage to a second
predet erm ned DC output voltage; and an third circuit receiving said first
and second Wf? ¥#E8%¢ i ned DC vol tages and, in response th@F@@@?ﬂ%?ﬁviding a
sel ectabl e DC out put voltage at a first output, wherein said selectable DC
out put voltage is established as a function a renovabl e program nodul e. 10
31. The power converter of C aim 30 wherein said first and second

pr edeter M ned (i oUL UL, 4L 8453 31fs SuRPLANLAS!bYr 4 DokageMRvend 2 e

. A AR AR Aexshme iARetfdted é’s’hoéé?NAe AnR Ae. Ae. AR AnR. Ay. A?. An?. A9R yF&7St vz
){vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] cRa] ca] ca] ca] ca] ca] ca] ca] ca] ca]

Ton] oal ca] cadl cdpe iperbaepERh By A ARt ciRid e ‘?‘l’ﬁf&&’f o) car cadl ca
l&;:a] ??{L— fgfrﬂf? f %&WS If, for example, there is a corresponding increase in the cal ca] cal cal
ca] ca] c&] ca‘@PEﬁTtEr&qufE}!ﬂll?&T%%?%’d ‘&ﬁrﬁ }‘g?ﬁ‘ % 6}*‘ g%s%ﬁ% %%g]' *31343>3MB33
:L),J]<gj)U]5Z2]52a %rﬁl}?ﬁ??l?]?:ca cq]yca] cal cal.ca] cgmétfuﬁi iﬂgi@%?%wfﬁzgﬂgﬂga g:} 22

ﬁ PO PRYATFRE Ea] ca] ca] ca] ca]

! @\CCDDHHHHnteslla'NE
ca] cal] ca] g%&%%%g% ﬁ&ﬁ%&@ia&ﬁ]cﬁﬁlﬁmﬁ@hﬁﬂlﬁﬁwmwﬂca] ca]ca]ca]c

| WK

\a { {: \a } C]a il M@ﬂm‘t\\zﬂﬂﬁhﬂ@‘ow ow} e«%qve%ﬁréaléa]i@a%él}ec%ﬂ“@éf‘wfﬁﬁ]scav] cal] ca] ca

U cal cajgal rﬁ%@,&, lea@cl G%ﬂ'eﬁ@ie%&h&@d S RetheP an AC okaaa/ bt bbbMeX
dCeeee uoj e

cc2dPdd ca] ca call cal] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] caﬂ)@m}m&?@&kca}h&mﬁaﬂ%ﬁ@b@%m% YeRPeA$rEIAn | cal gNnhhh0i ziiij Aj a
jijvjzjjxkzkKI 1Tl m mmmmBnnnooo{upkfa\W]]ca]ca]ca] ca]ca] cal]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] & Jcalbe ca] ca] cal op\ pk
npqapt pyp”j aj i j VJ@?}&%%&?J#&%E%&%%J”%%&%%E%\% ook I:a] I:a] caIlOJ] Eaio
ca] ca] ca] cajonsérizals il asaprdanos afithihy prajentioyuipR ofhe by %‘E‘é{ }zgi}”ba] ca]cal]ca]c
D
1006 & () - 18vinEEEed cgYl soptp LU Snm{ 3 %ofge}‘teés 23 e ghl(c)h F&7dEL0% & ()-
10% & (15 nddaptedio generate an on-time duty cycle to power transistor switch Q1.

g'g)% i‘oc(} &f %%’)v?’g‘j}é#&}f’?‘% VV\b(yZ? 1%%{1% c%gracltw@%v@}néﬁm%&&qfd-r& ()-gy#10% &

between pin 4 of IC1 and ground, a.nd resistor R1, which is coupled between pins

4 and 8. In a selected embodiment, the diode D1 functions comprises a Schottky

diode and functions as "catch" diode. Inductor L1 is a output power inductor and
20 couples the gate of power transistor Q1 to Vou. Fuse F1 is shown coupled

between Vi, and the drain terminal of power transistor Q1, and advantageously

provides current protection to buck-converter 28.

Furthermore, the input Vi, of the buck converter 28 is coupled to the
output of filter circuit 25 at node N2, wherein Vi receives the filtered DC output
25  voltage therefrom. In a preferred embodiment, the buck converter 28 provides a
second DC output voltage at Vou, coupled to output terminal 18. Advantageously,

-12-



1g‘\10‘ 10" $<10% & ()-5 10% & () -:

a?g\ =! 19mML0%&' ()- !, 9mlO%&' ()- 10% & ()- @ 10% & ()-910% & ()-!210% & () -

z[ <g\ =, 10%&'()-IY+510%&'()-!SSlO%&'()-!SSlO‘V&'()-!310%‘&'(%)-10%(:&'(§2(V<>%)C
0% 10% & ()-nL0% & ()- 10° 10 10 5 10% & ()-F110% & ().- OcdEbC@
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10% & ()-!'(S/109& () -

T109v& () -! 109AVvME' () - ") - - ' :
0 tlzlLeO buck cmg ert 2]80&)@!:?%{13' st!epzsltg\)wn e ﬁl)térezdjig%tp(ﬂ iﬁﬁggm{d 10M

10

15

20

provides a second DC output voltage at output terminal 18 which is independent
of, and substantially lower than the DC output voltage at output terminal 16.
Likewise, the DC output voltage of the buck converter 28 enables users low-
power peripherals, such as, a cell phones, a PDAs, and/or similar mobile devices.
In a selected embodiment, the buck convert 28 may also be adapted to provide a
DC output voltage at output terminal 18 ranging between 3VDC and 15VDC,
selectively determined as a function of the chosen value of resistor R1 used in the
particular buck converter 28, with a total power delivery of 10 watts, for example.
As previously mentioned, the buck converter 28 may be housed in a separate,
detachable program module that enables users to selectively-program the DC
output voltage at terminal 18 as a function of different associated buck converter

modules.

Though the invention has been described with respect to specific preferred
embodiments, many variations and modifications will become apparent to those
skilled in the art upon reading the present application. It is therefore the intention
that the appended claims be interpreted as broadly as possible in view of the prior

art to include all such variations and modifications.

13-

f 1096 ECEUSOHAGAR4C 10° 5

S, 10% & ()-S)10% & ()-f!, @Y10% & ()-y! g10% & ()-z~nbW. 10°5 10Z 10Z 10ZF5

109@& () - sf 109&2& () - Y! z109&Z& () - 109&Z& ()- 10" 10 B}*?nmbW. 10" 109%VE () -



10M6 10%V&' () - 9$10%V&' ()-! YI0%VE' ()- @ 109VE' () - &10%V&' ()- F10%&' ()- ZuS2/
1 6YZ10% C & ()-S!. & 10%08& ()-F ! & 10998& ()-F
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Hit# ) #O#d VO BOBBEL sy 109hM& () -!z10%& ()-10%&' ()- 10' o 10PETA§OYRS4
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(10%&' ()-! & @O0% ()-!(@lov& ()-ylou&' ()-

y109%&' ()-!8yl0%& ()-c*Y+] +"+_+ +mt| +-~_ @1

| Dy10% &' () vk 24Q% & (3o d0%.& ()- 10 10 1035 10%& ()-!X
(109%& ()-- UW%%M@ PDs' F10%&' () -9%40% & ()-!19Y10% ()- !';9Y10%& () -
F19Y10%&' ()- 1004 & (A pdwekodvesieod@isiigio\= 1 110% & ()- 10t 10t 10t5
10% & () -1 DY. 210%& ( )a_ i%r[s)t\gu%llu (:{?n%gmg& an AC inpﬁt voltage to a first
predetermined DC output voltage;
5 a second circuit converting a DC input voltage to a second
predetermined DC output voltage;
a third circuit receiving said first and second predetermined DC
voltages and, in response thereto, providing a selectable DC output voltage at a
first output, wherein said selectable DC output voltage is established as a function
10  aremovable program module; and
a fourth circuit coupled to said first output and providing a second
DC output voltage at a second output, whereby said second DC voltaée output is

independent of, and substantially lower than said selectable DC output voltage.

15 2, The power converter of Claim 1 further comprising a fifth circuit
comprising a filter circuit adapted to filter said first and second predetermined DC
output voltages and provide a respective first and second filtered DC output

voltage at a common node.

20 3. The power converter of Claim 1 wherein said first circuit
comprises a AC-to-DC flyback converter, wherein said AC-to-DC flyback
converter is adapted to provide a DC output voltage of between 15VDC and
24VDC.

25 4, The power converter of Claim 1 wherein said second circuit

comprises a DC-to-DC boost converter, wherein said DC-to-DC boost converter
is adapted to provide a DC output voltage of between 15VDC and 24VDC.
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feedback circuit regulatmg the ﬁrst and secon predetenmned) DC voltages

generated by said first and second circuits.

6. The power converter of Claim 5 wherein said feedback circuit

comprises a single loop.

7. The power converter of Claim 1 wherein said fourth circuit
10  comprises a DC-to-DC buck converter providing said second DC output voltage,
said DC-to-DC buck converter providing said second DC output voltage of
between 3VDC and 15VDC.

8. The power converter of Claim 1 wherein said first and second
15  predetermined DC output voltages are substantially the same and are provided to

a common node.

9. The power converter of Claim 1 wherein said first and second
predetermined DC output voltages of said respective first and second circuit are
20  established via said removable program module, wherein said removable program
module comprises a key adapted to be removably coupled to said power

converter.

10.  The power converter of Claim 1 wherein said removable program
25  module comprises a key having a resistor, wherein said first and second DC

output voltage are a function of the value of said resistor.
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12.  The power converter of Claim 10 wherein said key establishes an

5  oufput current limiting function.

13.  The power converter of Claim 1 wherein said first circuit is

adapted to receive an AC input voltage having a range of 90VAC to 265VAC.

10 14.  The power converter of Claim 1 wherein said second circuit is

adapted to receive a DC input voltage having a range of 11VDC to 16VDC.

15.  The power converter of Claim 1 wherein said first and second
predetermined DC output voltages are programmable as a function of the program

15 module.

16.  The power converter of Claim 1 wherein said fourth circuit
comprises a second removable program module, wherein said second DC output
voltage at said second output is a function of said different associated second

20 removable program modules.

17.  The power converter of Claim 1 wherein said fifth circuit further
includes a protection circuit, said protection circuit provides an over-voltage
protection function.

25

18.  The power converter of Claim 1 wherein the first circuit and the

second circuit receive their respective AC input voltage and DC input voltages at

a common single connector.
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19. A method of generating at least two independently selectable DC
output voltages in response to either an AC input voltage or a DC input voltage,
comprising the steps of:

converting the received AC or DC input voltage to a first
selectable DC output voltage;

receiving said first selectable DC output voltage and generating a
second DC output voltage which is independent of and substantially lower than
said first selectable DC output voltage.

20.  The method of Claim 19 further comprising the step of selectively
establishing the voltage magnitude of said first selectable DC output voltage using

a removable program module.

21.  The method of Claim 19 wherein said first selectable DC output
voltage is provided by an AC-to-DC flyback converter in response to an AC input

voltage.

22.  The method of Claim 19 wherein said first selectable DC output
voltage is provided by a DC/DC boost converter in response to a DC input

voltage.
23.  The method of Claim 19 further comprising the step of filtering

said first selectable DC output voltage via a filter circuit, said filter circuit
providing a filtered DC output voltage of between 15VDC and 25VDC.
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24,  The method of Claim 23 wherein said filter circuit outpﬁt is
coupled to a DC-to-DC buck converter, wherein said DC-to-DC buck converter is
adapted to provide the second separate and independent DC output voltage of
between 3VDC and 15VDC,

25.  The method of Claim 19 wherein said removable program module
comprises a key having a set of resistors, wherein said first selectable DC output

voltage is a function of the value of one of said resistors.

26. The method of Claim 25 wherein said key establishes an output
voltage function.

27.  The method of Claim 25 wherein said key establishes an output

current limiting function.

28.  The method of Claim 19 wherein said AC input voltage can have
a range of 90VAC to 265VAC.

29.  The method of Claim 19 wherein said DC input voltage can have a
range of 11VDC to 16VDC.
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first output, wherein said selectable DC output voltage is established as a function

a removable program module.

10
31.  The power converter of Claim 30 wherein said first and second

predetermined DC output voltages are substantially the same and are provided to

a common node.
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20

25
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