WO 03/038981 PCT/ US02/ 03542 DUAL | NPUT AC and DC POAER SUPPLY HAVI NG A
PROGRAMVABLE DC OUTPUT UTI LI ZI NG A SECONDARY BUCK CONVERTER 5 CROSS
REFERENCEWO@3MBBR98TED APPLI CATI ONS The present applicati onPica/uset/etsezl t o and
clainms priority fromcommonly assigned U. S. Patent application Serial No.
10/ 005,961 filed Decenber 3, 2001, the teachings of which are incorporated
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

i nput AC and DC DWAL SNPETACI b dIRCROVER SUPHIY EXVENGeY . BACKGROUND OF

THE | NVENTIFROGRAVMMABIIEDCOUTHUT €191 22INGNA SHUGNBARY BUOk as PC
not ebooks, PDAs , cellular tel gahyRveRPRR the |ike, continues to increase,

the need for |ow cost, conpact power supplies to power and recharge these
products al so continues to increase. Myst manufacturers of nobile products
typically include plug-in power adapters along with these nobile products

to held f@qidt NQ"FINF I eir custoners. Today's

power gdagﬁedr)gggér?]%{g%l ca 9]&%}‘3{&%&%@@0% power converters which
el i vered to t RaC FEpeEnpRLAR R 0t Rl oy #8h) SORRO e Lsers
can power assigted bSi Ratend epplicetorbyertl Mol 10/p031961 filgd Tieeerabla(®, 2001, tHe0 a si npl e

AC 25 I tl et ] Iy found . in npbst hones or offices. Simlarly, when
only D\éva l[eac(;)l”lijmgse of witich are %corporated herein gy reference. y

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 typicaily 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



-1 WD 03/038981 PCT/ US02/ 03542 input power is available, such as in an
aut onobil e or airplane, users can still power their nobile devices by

si nply uswogsas®sandard, off-the-shelf DC-to-DC adapter. PRarusat/h3ss2 bot h
adapters are designed and tailored to provide a regulated DC output

vol tage, which typically range from between 5VDC to 30VDC 5 dependi ng on
the kind of nobile device being powered. Although these power adapters
conveniently provide direct power and recharging capabilities, users are
often req iﬂpuegowr is arAilabke Pivhak én afl arbeiobilé Or aifflne] GerPeundstilit o each

i ndi vi dual nobil e device. This often nmeans that users have to carry

nul ti pl e Bept bels medple deviceshy siophnping pofirdard it sheld PGrioPler for a 10
DC i nput . jGay . Ayl 1] adapters to
pover mut RS SRy, U EORES ad TRl Bned RdASk (RBEH AT LLBURI ROEP, T2
users of Dibbuthet windelcthitisgpialy eanfpe fioatdbdtaean VRO BOVIDGIN one bul k power
supply. adapter. Accordingly, .there exists a need for a power converter

t hat r%soa?&e@d%%eont%SkWé}%é‘?ﬁbhlﬁrﬁlﬁ&éﬁgﬂpgﬁPWB’f ms associated with carrying
all of the different power supply conponents necessary to power a w de
variety of nobidigoQgh ReEd WS adétﬁé’ﬂs‘é_@ﬁven%&'ﬂ??;‘{&ﬁde &%&FFW&OAMV converter
woul d advant ageously enconpass serving the power supply needs of several

di f f er ent ravbiiging chpabibitiss, usess are ofisnlreluired pptyrasepitatecadeptessid r egul at ed DC

out put voltage in response..t ithe n. AC.and .20 DC i nput vaqltage.
Vor bover i e o8 BRRE RuR b e R TRE S rope R Rt B r i na s,
users have ¢ @bitipld daplersd 6AY fodiah AP IPRE pdWerSOURE Andbilleefod@vi ces of

varyi né; power requirenents, sinultaneously, regardl ess of whether the input
1 DC input power source, moreover, users typically carry multiple adapters to

fo5)

power multiple devices. Thus, by carrying more than one device at a time, users
of mobile product users are forced to carry more than one bulk power supply

adapter.

Accordingly, there exists a need for a power converter that resolves the

15  system management problems associated with carrying all of the different power
supply components necessary to power a wide variety of mobile or portable
devices. Moreover, such a power converter would advantageously encompass
serving the power supply needs of several different mobile devices, as it would
supply a filtered and regulated DC output voltage in response to either an AC and

20  DC input voltage. Moreover, by having a power convert or having multiple output
terminals, users have the ability of providing power to several mobile devices of
varying power requirements, simultaneously, regardless of whether the input

voltage is AC or DC.

25



voltage is AC or DC. 25 -2 WD 03/038981 PCT/ US02/ 03542 SUMVARY OF THE

| NVENTI ON The present invention achieves technical advantages as a power
convert erwogapatyBe of supplying dual DC out put voltages decinusd2/63sem eit her
an AC input voltage or a DC input voltage. The power converter can be
externally 5 programmable to cover a wi de range of voltage and current
conbi nations, suitable for a wde variety of nobile product offerings.

Mor eover, the power converter also resolves the managenent probl ens

associ at eSUMMARYVOFTHEUNVENTIONer ent i nterface conponents necessary to
power a wi de variety of nobile products. By having dual output voltage

connect i ons, nOhE peesphitdeistiod 96Hisvea AthRicA A dvARRBASIsY pv P CURfertap| ti pl e
nobi | e devi ces of varyig(r}g1 i)ovver specifications. I n one preferred
aj

enbodi nenfapableeofisHpphyin BCouiisiiwpltegsn derivast fromeither aa A€inms circuit

adapted t ' | t n rovi de fi,rst programmabl e DC
out put vo??%@%%yfﬁ%égnd@gyb@%%vg}agéé\%lgﬁ%q%ag%%C%?S%%Elalyrcuit adapted to
provi d& apsecantdalpleagcovaravide Ragouf piltagy @hd a@@erit RombERAMSSstifabRe 15 DC

I nput vol %age., The power converter also includes a third circuit that, in

response 1% 3 &deiveriply af meobile PEdugirffsmgsidomeven thuowporenigesr generates a
sel ect abl gisDhesGieR e ﬁﬁ%#agglgﬁén@troﬂe&lb ﬁﬁbcigfég%\:r%h %%%%‘g&{a%digf% e i rd circuit

generally conprises a pack circuit an erface with a
r enovabl einterfage apmponehis BeceSHarystopoogr amidargariavylof mobibarodectaByows user s of
t he power convgr#ertt 2]? sel ect%.vel }/n%slt abl Sth t he vol tﬁge Iei/el of the DC
out put v OP%V&I&%'U ﬁél }Blgm age connections, mooile proguct users can simulfaneous y

10 power multiple mobile devices of varying power specifications.

In one preferred embodiment, the invention is a power converter having a
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

-3-



converter also includes a fourth circuit that is coupled to first output.
The fourth circuit provides a second DC output voltage as a second out put
whi ch i s worndegssedent of, and substantially | ower than theczaiSerozist e DC
out put voltage. 25 In another enbodi nent, the invention is a nethod of
generating at |east two independently sel ectable DC output voltages in
response to an AC input voltage or a DC input voltage. This nethod is
achi eved by the act of converting -3 WO 03/038981 PCT/ US02/ 03542 the

recei ved {AreREivRCAQ BHIDCAHt #gRagdeto 2 ﬁrhﬁmbgnanmmbéaﬁbﬁhﬂuﬂo@@obagemﬁt vol t age
at a first output. The converti ng%]a%&to en foll, owe ﬂﬁ a recel vi ng act
t

wher ei n taiést pytpa TheCoRHeping agbls iIQWF’ X@\?%??l‘ﬂlj}g & Pheg circuit.
The conv 8§ RF#ld didust second DC
out put v? %ﬂa]gg t I{E%gagg 1?%%%%%‘% %tcgo ﬁ%b‘?ﬁ%@?}éﬁu al | y% owlelr t han t he
pr ogr anghitiatddG gerentihg uelgeageating a decudl DE) Q8pesDlipgTtheds2/ 03542 BRI EF

DESCRI_ PTI ON OF THE vant ages of the in 0 he specific
enbodPnerindengpent 9é an%ﬁ&’éﬁag'@@g’doﬁ’ﬁf&‘%é@ HPW%i%bs%tﬁ”ﬂ Pi*ehe art by
reference to the followng detailed description of pref erred enbodi nment s
taken in conjunction with the 5 drawings, in which: Figure 1A shows a

bl ock di agram of a dual input AC and DC power converter having dual DC
vol tage outputs in accordance with the present invention; Figure 1B shows
an expl oded view of the converter with the detachabl e



10 buck circuit; Figure 2 shows a schematic di agram of the power converter
circuit as illustrated in Figure 1 in accordance with the present

i nvent i onrwOan®3®dBgure 3 shows a detail ed schematic di agr amcafusa2/x34: o- DC
buck converter circuit in accordance with the present invention; and 15 -5
WO 03/ 038981 PCT/ US02/ 03542 DETAI LED DESCRI PTI ON OF THE PREFERRED

EVMBODI MENT The nunerous innovative teachings of the present applications
will be described with particular reference to the presently preferred
exenpl ar y BRAFIODESERIPTIODNOYITHE I DRANWIN@Sbe understood that this class of
enbodi nents 5 provides only a few exanples of the many advant ageous uses
and i nnovative eachin herein. | eneragl, statenents made in the

speci fication &Jvﬁﬁtég??ro Verﬁ‘p?ﬁﬁngé]?? ngil@ eﬂ@’ﬁ%’i’é@é%@’&ﬂ’? y delinit any of
the vari OUﬁdé‘rEtBbdirB? tiod¥ 8NéHaRMASy skilVPd BR%E b &%&E@Hﬁ@ﬁﬂ&&ﬁgﬁly apply to

sonme inventive features, but not to others. 10 There is shown in Figure 1A
a bl ock diefgiledhdeseriptianefipréfaped ey dmentsdelen iv oonjendten with thevi ng dual

progr ayme . o0l tage outputs in accordance wth the present invention.
Pr ef erabl gl,‘a%?ﬁ%%’yugpmﬁhput AC/ DC power converter 10 conprises a power

converter circuit 20 having an AC-to-DC converter 22, a DC to-DC booster

converter 24, Bfigueethahdwea blodk diagfam af 4 ihdleiput ACMdDCpowd a DC-to 15 DC
buck converter 28._Thﬁﬁfomer converter circuit 20 is seen housed in housing

13 and adSHeHgebAYingdus Bl vrltege ontppistin gecsdanspmphdhapressit put vol t age at DC

invention;

Figure 1B shows an exploded view of the converter with the detachable

10 buck circuit;

Figure 2 shows a schematic diagram of the power converter circuit as

illustrated in Figure 1 in accordance with the present invention; and

Figure 3 shows a detailed schematic diagram of a DC-to-DC buck

converter circuit in accordance with the present invention; and

15



output termnal 16 and a second progranmmbl e DC output voltage at term nal
18. Both of these DC output voltages nmay be generated as a function of
bot h AC awo0 03D8898nput vol tages. 20 In operation, the ACt®CDTSovosserter 22
receives an AC signal via input termnal 12 and provides a regul ated DC
out put voltage at node N1. Simlarly, the DCto-DC booster converter 24
may receive a DC input voltage at its input via input termnal 14 and may
al so provide a regulated DC output voltage at node NI. Input termnals 12

and 14 ar pETKAXBIFESCRIPTHON ON THE PREFERREDEMBODPEENT such t hat
di fferent power cords adapted to receive input power fromdifferent

sources are req@bYiatheRsikRvadERahas o Cicireskht agpticationstvitibe, DC power
from -6 WO 03/038981 PCT/US02/ 03542 an ajrplane or car power source are
T

wired to desspbed withipagiaular zefaisacene thepres@ilyPrefered SIS RIHYpl e to i nput 14.

In a sel ected,enbodi = I gapihed to generate
a DC out pﬁlfn%\ol%lmeggsé%gf %@%@%&%ﬁ§8§%@§ﬁa%r%)eflgglggse thdan AC i nput
vol t age aprdvdediondt a Iiv exanglag il neenadOxkGeandists SE5MABtVE kewi se, t he
DC-t 0o- DC booster converter 24 is adaptgd.t@epr vailfgf a f&g out put vol t age
which is iaskinegmberaiy o gmeralsfatepentnmpdein 106 Reiron ot ERreSE ¢ i s
generated_ | Q. I IR ROGrupRlaiBel AbedtitRyt term nal 14,
Pr ef er abl g#ﬂﬁaﬁﬁgﬁ%é%%%gtﬁgﬁcdgg%afn r ft54 S aga ted to receive a voltage
in the rabgeowt, doeiesataméntd YBE appky taminvmﬁmwﬁa@eqsubutylpt I®C-t 0- DC
conversion, 10 via AC-to-DC converter 22, allows users of the power
converter Oﬂﬁrsto power hi gh-power nobil e devices, such as a | aptop conputer

g(‘gr er@r AC i NRk AR NRSwn inSFi?Yx@iltA@Qbféck glghin@ sf 4 Budl pubi@DEr of fice, for
nple. Conversely, the DC-to- .
power converter 10 having dual programmable DC voltage outputs in accordance
with the present invention. Preferably, the dual input AC/DC power converter 10
comprises a power converter circuit 20 having an AC-to-DC converter 22,aDC-
to-DC booster converter 24, a feedback circuit 26, a filter circuit 25 and a DC-to-
15 DC buck converter 28. The power converter circuit 20 is seen housed in housing
13 and advantageously provides a first programmable DC output voltage at DC
output terminal 16 and a second programmable DC output voltage at terminal 18.

Both of these DC output voltages may be generated as a function of both AC and
DC input voltages.

20 In operation, the AC-to-DC converter 22 receives an AC signal via input
terminal 12 and provides a regulated DC output voltage at node N1. Similarly, the
DC-to-DC booster converter 24 may receive a DC input voltage at its input via

input terminal 14 and may also provide a regulated DC output voltage at node N1.

Input terminals 12 and 14 are integrated into a single common connector
25 17 such that different power cords adapted to receive input power from different

sources are received by the common connector 17. For instance, DC power from



DC booster converter 24 of the power converter 10 is capable of powering
simlar high-power devices by stepping up nost |ow anplitude DC input
signal s, wWomh/038981 15 those found in autonobile and/or air PCANES02/03542
environnments. As shown, filter circuit 25 has its input tied to the
respective outputs of the converter 22 and 24. In a preferred embodi ment
the filter circuit is adapted to provide a filtered DC output voltage at1
second node N2, which, thereafter, feeds output term nal 16, at an out put
power of {5 t 8y cdrPowex tidetare Aredhe couplgteinpecdmdkACisowrne s 26 is shown
coupled to the output of filter circuit 25 at node In a preferred
enbo;:ll {remlrerc]itthGOllﬁ}dé@mmw 6 Injarsslgpted embrdungy, the &%ﬁ@'r\ﬁcf"é?a k | oop

regul at es, t.he, vol t.age I~ Of | Solden VINTRO ener a

by both ?8&%‘??@ o n%%é%‘?°}&@8‘?¥%ﬁ*ﬁ%??§, the ??ggti%lgck ot 26 i;ed
adapt ed t&pbR&ab\A £C ipiDVelbige apteaginahil ragingdetvecen 98V G ard | ows nobi | e

device users to provide a sel ectable DC outpyt .vo]t at tput 16 '
\rll\ﬁgree_ﬁxlz ZTﬁ}IA&- Sefecaring. Hip Redenl- g%??ﬁ?ricgﬁ‘éer??géf %@Pﬁgﬁ%ﬁ%ﬁ‘ﬁe&o ; r esi szll)?,
in [ . gt | ; | | igh ff
ecoct at of SR REs SHAEE RUFNRS) BnilE R B e O ae ot out put 16
[B)xé al Itovmtmgerftsmcsmtm;@ah@mtaD@lixyputtvahw wippliedodt ey tqrenesl 18-1‘ the filtered
out put_vol tage, t ower converter. 1 be . .
BB RE i B Se R L TR S R b ik e

associ at G Nt RAUIVBTME1 WDCE AR ntab iR BOAR 0dDO vont@sios, 10
programmi ng” 5 nodul e may al so be adapted to provide the additional function

of oubputvic ACHeADC donvérter 2. allphis uSkEs 6 RO RoOVEHERHE PP Thas its i nput

coupl ed .
P %Eghrlggv%erl\lnzlbbile devices, such as a laptop computer wherever AC input power

is available, such as in the home or office, for example. Conversely, the DC-to-
DC booster converter 24 of the power converter 10 is capable of powering similar
high-power devices by stepping up most low amplitude DC input signals, such as

15  those found in automobile and/or airplane environments.

As shown, filter circuit 25 has its input tied to the respective outputs of the
converter 22 and 24. In a preferred embodiment, the filter circuit is adapted to
provide a filtered DC output voltage at second node N2, which, thereafter, feeds

output terminal 16, at an output power of 75 watts, for example.

20 The single feedback circuit 26 is shown coupled to the output of filter
circuit 25 at node N2. In a preferred embodiment, the feedback 26 circuit,
through a single feedback loop, regulates the voltage level of the filtered DC
output voltages generated by both converters 22 and 24. Additionally, the
feedback circuit 26 is adapted to receive a removable programming module that

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

-7-



provi ding a second DC out put voltage that is then fed to output term nal

18, having an output power of 10 watts, for exanple. Preferably, buck
convert erwDd3a8898i screetly steps down the filtered DC vol ragasanaspr oduces
a second DC output voltage at a separate output termnal 18. In a selected
enbodi nment, the buck converter 28 steps down the filtered DC out put

vol tage to a range of about 3VDC and 15VDC. Advant ageously, this second DC
out put voltage generated by converter 28 is independent of, and

subst ant i AC puipoesltdgeast oufieit D6 Byt FMbwikB uvek toa@ecavelyehmgaahe 16. This
al | ows userf of tge preFent invention to power not éﬂa hi gh- power
per i pher alvoltagrlgvel of the filfsr taipltags, thegrosist 0@!“@@@0 mayda- power

peri pher al,q ;ft l?cﬁx#é’i‘ a%h!st ell?t blg%q%kgﬁcm%&%as, remﬁeﬁggt jne present

invention a these perip era st by a

single cemwiateeirpoweeg@qudbmsﬁtm Mot‘dwer tHzLowiD lcbn?@etef § lagrdg‘rar%mlgghe buﬁk
ousi ng as shown

converter s 20 aI |y deta ble fromthe main

in Fi g%rem_L uearln%ﬁlo ﬂé dgttoé’ﬁ?“g%u@l? additiopal fungiiomaf @uimyt EVET¥r ent out put
vol t ages tighilifg selectlvely attached to housing 13 and tap the DC out put

vol t age fron1output termnal 18. Referring nowto Figure 2 there is showm a
schematic diagramof the power converter circuit 20 of the dual input

AC/ DC pover coreReto-DE tusk zenviwier 28 bas itninpirgronpled at nodeci2y dance with an

exenpl ar h i nvent escri herein in
greg?er égﬁﬂﬁﬁﬂé?ﬁ&%n@&%ﬁ @%ﬁ ﬁ%@?ﬂgtp ﬁ?fhgﬁooﬁﬁu §nVEf / 038981
PCT/ US02/ B354 an au@ﬁeﬁ(ﬁve’r% 1ered) fEEEBiamzlﬂ@ npfdf&@&y;wcﬁ%oﬁ% age
converters; AC-to-DC power _converter DC/ DC boost converter 24, and

-t olc disereclnHony @@Yn thg filteped BE)vOitageaERTERCs 2 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 wvoltage 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



The AC-to-DC power converter 22 includes a true off line switcher which 5
is configured in a fly-back topology. Full-wave rectification of an AC

i nput siypaB/3gvecei ved at input termnal 12, occurs usi n@Ca/tisSo/b3senve
bridge rectifier BDl and a filter capacitor Cl, which creates a DC voltage
bus fromwhich the sw tcher operates. Inductor LI offers additional EM
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 nain

cont r ol | e pré&trredahb@liment, asmprisasrthes seppale corvettes: WOkoDagRdWeat or (PWY) .

Mai n control |l er #Cbé@)s(%so configured to have a single-ended output with
t ot em pol SOR¥FIFER2: r BQQst conVSIERY #H ané BilatapDCitrisk senvertsr B8 power

converter 22 has a main power switch Q which drives the main transforner

Ti. In a pEeheyrRIcoOPeER™t. the transformer Ti, Schottky diode 15 D11,
and filter capacitors C24 and C25 conbine to provide the DC out put voltage

at node N1. As noted earlier, filter circuit 25 allows for additional
filtering of tH&eBC-tobCmawerspregier 2 inohulgs & tromofiite sMitchdiehithl t er
C26-.and transformer

circuig 25 | > ti.se i hduc L3, capacitor

NF1. A%va?stéé’é?%%f@l?gpﬁ'é’%?F%PS?]O%!O%@%I"P’V@E‘F{“%@%ﬂ%’u‘tf&@é%H%R“ltt ered DC out put
vol t age atignall piotivadatiapitnemissl 2, bedurs fillewkvd BridRakciprse and ripple.
The feedback circuit 26, through a single tfeedback |oop, is capable of

regul at i n§DrRadsa filfes cappciter Gl Waich gesiates gd2C peltaze dud fiom whishdemverters 22
Femovabl ¢ DS SRS IEAEN 1} Sftels B o0 RARPhE e RBLEES] ot o Rss
As such, tfe the 8ghDhaShEBABAIHIAKdUSHZORTARave 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



present invention allows users to selectively programthe DC output voltage
| ater received at output termnal 16. The feedback circuit 26 includes a
phot ocoupWwero3ms98ui t conpri sing a pair of photocoupl ers PHCTArsA2/%332
connected in series (i.e., stacked), each being coupled to the outputs of
operational anplifiers IC4-A and 5 |IC4-B. Advantageously, these

phot ocoupl ers are arranged al ong the feedback | oop of the feedback circuit
26. Additionally, the feedback circuit 26 efficiently regulates the

filtered ainvehtiotodllagasegas esladtbdlynro patihthe D entpet wl@ge babet 24  t hr ough
a single feedback | oop. I n_stacking the phqto-couplers, the present
i nvent i onreagiges &l quénns terringd d et heisrdhack efrcu 2 @cﬁ@%? Hh?fof)‘?‘{?%ér

i nput/ out put .10 i ti OF t ' ; 4 and out put
I nput/ou @E«I}ut]v%;ﬂg?lgigl 63:1%1& %}ﬁ?ﬁ@&?%&%@@ﬁ dn\ﬂq)}]tfédﬂn@étké itgerRB@.cL4 and outpu

t erm nal t current Timting function of converter
22 is acseadket), shadbeingcdupledgo dheohtpits ofioperationsl amplifiers Hr4-AR8E, R37, R3S,

and R39 and prggramrin resi stor R54. Over vol(%age rogfe tilgn of AC-to-DC
convery er[GbB; & mg@@égy’l}g?sﬁé)? BYRTS CBLATREEC n%ﬁ]f S(ﬁ’élf; di ode ZD2. In
a prefer rﬁ%??ﬁﬁ%é&@&k ciE&RES6. I @dlBonAR2iht FecdBhckAircA RS 68 blehitiat when i n

aval anche e It causes the transistor side of photocoupler PH2 to bias
t ransi st oreg@btes theofiltéred BE @ttputeroltagasgeneraied by hethorpnverters @2 and dhsi st or B

pulls low.,pin.1 of .integrated controller | I operating duty
cycl e of %ughr‘i‘tsélbgl%?eggg%%&??%l 8?01?18%\&6&286}’;;‘0 %}ﬁ?‘g’ dfle;]ﬁlteeg the DC 20 out put
vol tage t @ventiR dif alwsQhe WoR& dohdetsdr 9066 ni@iintifi peoper ipawdutptior Q@ is al so
forced on which then forces these two transistors becone | atched. |f

t r ansiGt oiselation betwisen mepestize terprraly 12 anthld andowtput fer&ndd 6 ecycl ed in or der
for the power converter 10 to be turned on again. 25

Preferably, the output current limiting function of converter 22 is
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 IC1and 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 turned on again.

25
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-10 WO 03/038981 PCT/ US02/ 03542 DC-TO DC CONVERTER The DC-to-DC converter
24 is configured in a boost topology and utilizes the sane kind of

i nt egr at edomansgsl | er, | C2, as used in converter 22. |In tRreTDS0/6354DC
converter 24, transistor B8 acts as the main power switch and di ode D6 as
the 5 main rectifier. Preferably, inductor L2 is adapted to function as a
power boost inductor, which is conprised of a toroid core-type inductor.
It should be understood that the cathode | eads of diodes D11 and D8 are
connect ed, DEXOGDIG CONVERXERONf i guration, requiring only one out put
filter. Advant ageousl y, this eI [ m' nat es the board space needed for a
second set of | t aci t 'ke he AC-to-DC converter 22, the
DC-t o- DC conver ﬁ;'io'ﬁgp%ﬂnéﬁ oL 43’156 %}@ﬁet?%’ts‘étoaf’ Ogyﬁp‘é&ﬁ]é??éy of around
80KHZ. Forthd SigneAlind 6f iafegsRBY %ﬂtﬁ)‘ller 387, dshSePREIAVRG 20 ﬁgﬂ&@@fd’ td-S set by

resistor R13 and capacitor C/. Likéw se, the operating frequency of the
DC-t 0- DC é¥noepveder tran@stgrleil@ytsrae@hesmmnpR%r awidch argipdiodd D6 aC28. 15 The

DC-t o- S an ver vol rotection circuit

conpri ?.Cngﬂz%ﬁeré’?ﬁéﬁ %Eee r% (r%1 dtﬁ&g’m %as tPawesRost 415, and

si | i con- camductl) wikick fstdniprBéd Sf:a toroﬂ%ﬁar t b AR cOE2I1SBbedtbRe over-vol tage
protection point (OVP) which is preferably set at 25VDC. Generally, there

is no curP@ﬂ‘irSto?‘mWWﬁO@WPéﬁbW@ digdesrD Humd § arcironpsated, foining zener di ode
nlflcant enough

ZD2 beging (o]

to bias tr%nbs?}eggggﬂ%aﬁ%ﬁq% Onlgl'%ﬁsg tgﬁ gﬁ}’aél? eﬁlelﬁly’ lﬁh and t hereby
turning sehmmtescthmbmdbmeneateﬁufbr £Eec&ﬁ.s@ﬂfﬁme@a§adltbfson control
rectifier SCl is on, it pulls pin 1 of the

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 ZD2 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
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integrated controller 1C2 low. Thus, if pin | of integrated controller IC2
is low, the output drivers thereof are forced to operate at a duty cycl e of
0% t her eWwp 0263%98pduci ng a DC out put voltage of 0 volts aPCpiuso503542

Advant ageously, the 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,&RReekéElelGn bideMedivi® 6 the posien gortvettiet ifataitapd el f, f or
exanpl e, I‘f.)here.i S a corresponding increase in the 5 tenperature of the
housi ng 1B VPE inletectedaiiodeil. a decrease in the resistive val ue of

therm stor NTC3, thereby causing transistor @ to turn on and pull |ow pin

1 of integr at%%@%% elo%eg{é)ugﬁ’i 810k Ble pover MBRLIEN 0 iSMbSitdr@lises the

phot o- coupl er e biased enough to activate a latch circuit
conpri si ngsitig afteisistor NT3. df dor «gamiphe thewd isla comgsimding inerepwvitheconver t er

22. In addition, t ower nyerter's.10.10 therpal pro jonp feature is
adapt ell t BTHEEIHE Qpﬁ@ Pﬁpggg’ ‘giw lb\ﬁeéflﬁé‘}agﬁcr%e&{%ﬁ&gf‘tﬁ%ﬁ\%#oqr}t age is

bei ng recgj T ierdtSSRA6ThE HandifBQY tefuith BRkEd piil Wi pindlofhows a

det ai |l ed ?g egn:[gfllNc di’:'tilgrram of t%e DCllt&gQDC buck colr)werteg 28 in accordance
with the miessed cirowiditli dfieonTirter Bdc Mazenvien this cagsgs hesphofgrcouplegr at ed

circuit c rojler IC1 simlar t nver i is 15
adapt ed tgﬁéé‘ﬁt‘? @?%edaﬁ?‘%ﬁh h ?‘?éwatﬁta?atg@g%g{l{ gorrﬁp%lﬁse%}f? %asgsg?rg\tdgr&lgw tch QL.
The oper gbitRg will SHEERY (1S pERdicontdrer 22. @ additior}thbyowapamivener’sC6, whi ch is

coupled Dbetween pin 4 of IClL and ground, and resisto , Which is coupl ed
bet wekh pihthermal prefeetion featyrasisiadanteditotpstds ’E?éﬁlid?esﬁ Hté. W@F@ﬂ’émﬁ‘ ®ncti ons

conpris eSpe i%ﬁlﬁ%toitléé(e is being received at their respective input terminals.

Figure 3 shows a detailed schematic diagram of the DC-to-DC buck
converter 28 in accordance with the present invention. The buck converter 28 has
an integrated circuit controller IC1, similar to converters 22 and 24, which is

15  adapted to generate an on-time duty cycle to power transistor switch Q1. The
operating frequency of controller IC1 is set by capacitor C6, which is coupled
between pin 4 of IC1 and ground, and 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 V. 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 V;, 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 Vo, coupled to output terminal 18. Advantageously,
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di ode and functions as "catch" diode. Inductor LI is a output power

i nductor and 20 couples the gate of power transistor Q to V,,ut. Fuse F1
i s shown wouwploas¥s1 bet ween V;,, and the drain term nal of PORAS0Y/03EMSI St or
QL, and advantageously provides current protection to buck-converter 28.
Furthernore, the input V;,, of the buck converter 28 is coupled to the
output of filter circuit 25 at node N2, wherein V;,, receives the filtered
DC output 25 voltage therefrom In a preferred enbodi nent, the buck

conver t er 2 8udl QHVERDSAisREMRGidPEdowh et filvatd Bfowputvelthge adupl ed to out put
term nal 18. Advantageously, -12 WO 03/ 038983I PCT/. 802/8%54%3 t he buck
convert Z@OWdQ%aé@lOpal%Qéb@uﬂYﬁmg? Hounyt el b VHieh SindBEREgE and

provi des a.secon - I & elpunetmid) i ch is

i ndepende?a1ft an‘fﬁu,bgtaa%algﬁ%g‘}t%%%ﬁé*%%elﬁs%@véﬁ%gg the{puDC out put vol tage at

out put t eriKewak, the DC bipenrsitage bhithe Bacloodyetten2 erables asers kawv-buck converter

28 enabl es users Jow 5 power periphera such as, ..a cell phones, a PDAs,
and/ or5 si PAWEPCHBBERL ﬁ’é@iaé’eas‘?e(ﬁ Hhﬁn%f"%ﬁ)'é&tst%rﬂiﬂ BirEg 1{1e ?Wécef)’uck convert

28 may al g0 %?%?%@%i&ﬁl@n@f&\ﬂugﬁcﬁwe@@8%éﬂgo ¥OhdpEs talpravidepalt ter ni nal

18 rangi ng and 15VDC, selectively determ ned as a function of
t he choseDCuaitpie voltageatioston teRinings &8 rangingthstwesay IYRG aad 18YBE: converter 28,

with a total powey delivery of 10 tts, for e nreyvi ousl y

nent | oned?e?ﬁicﬁ elB’Li{?Eer‘E‘W@rsta gipn %Czloﬁ%lu%aé‘?ﬁl@%lgtgre%gﬁg?d el,pl tﬁ!écflet achabl e

program "?&%l&ﬁaﬁﬁlfbk RRMHEBISUFER § t6t8l foRveg atlinesy wf PO ogtigfot hampl.  out put
a

vol t age ermnal 18 as a function of different associated buck converter
nodul 8&. Aboprayioushementianed; tha bpclscopsenter 8IBRY brelousrd i 3 9% to specific

preferr edde’cachable 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

15 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.

20
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15 enbodi nents, many variations and nodifications will becone apparent to
those skilled in the art upon reading the present application. It is

t her ef or ewODl@/08898ENt i on that the appended clai ns be i nt ePpratSeziozs2 br oadl y
as possible in view of the prior art to include all such variations and
nmodi fications. 20 -13 WO 03/038981 PCT/US02/ 03542 WHAT IS CLAIMED IS: 1. A
power converter, conprising: a first circuit converting an AC i nput vol tage
to a first predeterm ned DC output voltage; 5 a second circuit converting
a DC i nputWHAT ) ELAIMEPIESONd predeterm ned DC out put voltage; a third
circuit receiving sajd first and second predeterm ned DC voltages and, in
response t her etlo, pAPPWP‘i@nX%"éi@&%F@:DC output voltage at a first

out put, wherein sai q t: I i abl i shed as a
function 10 a rennégﬁﬁgﬁg%%gﬁgﬁ%§%%%$§?131%%?M¥ﬁﬁfﬁﬁ%€rcuit coupled to
sai d firspregatepuinedddC pnipui woltage;a second DC out put vol tage at a second

out put . whereby said secaond vol t age f.put, i i nhdependent of, and
substantial Iy 1 ower atsﬁgicﬁl%s% cgggglpvggtergéoqﬁ%ﬁpwﬁagemﬂs{%aw 15 2. The power
convert er peidefekdin®i IDCWWhRvoRg¥Pri sing a fifth circuit conprising a
filter circuit adapted to filter said first and second predeterm ned DC

out put vol t ages and aghisd cieuitreeaivipe said\iastfand secand predetasmineiDE er ed DC

out put V%ﬁfg%? ar?ti, iﬁ‘ré:sgmr}h&gg?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 voltage 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.

-14-



20 3. The power converter of Claim1l wherein said first circuit conprises
a AC-to-DC flyback converter, wherein said AC-to-DC flyback converter is
adapt ed twomBo%dose a DC out put vol tage of between 15VDC amdT/UR43/D342 25 4.
The power converter of Claim1l 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 output voltage of between 15VDC and 24VDC. -14 WO 03/038981
PCT/ US02/ 03542 5. The power converter of Claim1l wherein said third

circuit includss a freggbaeKcdhiverdetiof Glaitip] @hefeth sudd thifdicirgtit dichedest and sai d
second circuit, said eedback circujt q;';g;i| ulating the first and second
pr edet er mk fieedb e Girsvitagunled drsnid Brsb grgyt ansi 9idksepend @yits®édnd circuits. 5

6. The po uit conprises
2 si gl o ISARRHREalind o BePull Sl el BEEBRNIGEEC L | | P0F
circuit lgen'e@a’fed bg esiddirfdant eedofd birckitsconver t er provi di ng sai d second DC

out put _voltage, said DC-to-DC buck converter providing said second DC
out put5voltage of between 3VDC and 15VDC. 8. The power converter of Caim

L wher ein sal def | rStraRdSLGANEDRYEARS WHBIIPGIOR-MR el Lages ar e

substantial ly the sane are provi e to a common node. 9. The power
convert er cafipdeaiarsirgledvepei n said first and second

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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predet erm ned DC out put voltages of said respective first and second
circuit are 20 established via said renovabl e program nodul e, wherein said
r enovabl ewproagssast nodul e conpri ses a key adapted to be remoraishyozseupl ed to
said power converter. 10. The power converter of Claim1l wherein said
removabl e program 25 nodul e conprises a key having a resistor, wherein
said first and second DC output voltage are a function of the val ue of
said resistor. -15 WD 03/038981 PCT/ US02/ 03542 11. The power converter of
Cl ai m 10 wher eild. saiThekwyver soravsttesdfeSlabm 10 wdepin saidkenestatilishestdanon. 12, The
power COI’]Vﬁft?I’ f rCT':JE{:ititm 10 wherein said key establishes an 5 output
current | oMY H@ﬁ?&? %R 13. The power converter of Claim1 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 1l wherein said second
circuit is adap2ed tTherpowist genvartpxof Glgim 10 asvhergiresaidirenestzblishesf® of 1 1VDC

to 16V§)C. -0}11%%? %}gﬂt@%ﬁ%é%?%{gﬂ_ter of Caiml wherein said first and second

pr edet er m out ages are programmabl e as a function of the
program 15 nodule. 16. The power converter of Claim1l wherein said fourth

circuit conprises a second renovabl e program nodul e, wherein said second
DC out put vol tldge athePamgr sawsHer ¢futlam 1ivherein sHd iy SIrgpit 8aj d di f f er ent

associ at edy3acPRteeGvE STREARbS WRIQEE AIVIAPSHNSS 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 16 VDC.

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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17. The power converter of Claim1l wherein said fifth circuit further
includes a protection circuit, said protection circuit provides an

over - vol twQe3/0ps9st ect i on function. 25 18. The power converPCe&rusot/oBuai m 1
wherein the first circuit and the second circuit receive their respective
AC i nput voltage and DC i nput voltages at a common single connector. -16
WO 03/038981 PCT/ US02/ 03542 19. A nethod of generating at |east two

i ndependently sel ectabl e DC output voltages in response to either an AC

i nput vol tage oit%9.a D& iethod of/gdnergiag at Rastpib $hdegeideatl kelp&alslt DEonverti ng
the received AC i nput volfage to a first 5 selectable DC out put

r DG C
vol t age; r%‘ttg‘lt\/‘fol%&g?aﬁlﬂespf’?%etto sEhE AT epmtveliags or 24 inpgkveliagegener ati ng a

second DC Qiihmsu: Liagehi ch is independent of and substantially |ower
than said fi@%%m%gﬁeggagﬁg DC out put voltage. 10 20. The method of Caim

19 further conpri si nepnvhringtiepreoéived A€odri DE linput esltapplto alfirstg t he vol t age

magni t yde 0 i irst selectable DC output voltage using a renovable
progr arm nott eicia%lleczj?g‘)ﬂ%@u?fg #5d of Caim 19 wherein said first sel ectable DC

output 15 vol tage i Srcp&iobQaid Myt RRcABIdC R V& QR¥ELhEic 4 N response
to an AC i nput voltage. gz. The net hod of C éli m i%%\%e%eﬁ saﬁd first
sel ect abl esegq;ld)ﬂﬁpmtput voltage which is independent of and substantially lower than

said first selectable DC output voltage.

10 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
15 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
20  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.

25
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voltage is provided by a DC/ DC boost converter in response to a DC input 20
vol tage. 23. The nethod of Caim19 further conprising the step of
filteringwogaiosBosi rst sel ectabl e DC out put voltage via a fPCTtE02/6358Z Uit
said filter circuit providing a filtered DC out put voltage of between
15VDC and 25VDC. 25 -17 WO 03/038981 PCT/ US02/ 03542 24. The nethod of
Claim23 wherein said filter circuit output is coupled to a DC-to-DC buck
converter, wherein said DC-to-DC buck converter is adapted to provide the

second separ at eand TAanBdeNClaRe 23uliwéin ol tfagecieduit agpwden 3VDC and
15VDC. 5 25. The nmethod of Caim 19 wherein said renpvabl e progr.am nodul e
conpri ses wurkef toaNGrp-RCaick spnyastarsvlsran sgid)eiiorDiapepkiqon¥ertedds ect abl e DC

out put vol ' - ' : L SiageFstors. 10 26.
The' met hodPeRtPrePie BBl Coat dE pEHIEANARTR BhiplP ast Bt Ol P age
function. iwechBVDEtdaad5sWDE ai m 25 wherein said key establishes an out put
current. limting function. 15 28. The nethod of Caim 19 wherein said AC

i nput §o! tage can have a range of 90VAC to 265VAC. 29. The nethod of Claim
19 wherein sai dhPC i HpULHBH HLRBEIHAD WIRENRaid 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.

10 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.
15
28.  The method of Claim 19 wherein said AC input voltage can have

arange of 90VAC to 265VAC.

29.  The method of Claim 19 wherein said DC input voltage can have a
20 range of 11VDC to 16VDC.

-18-



20 range of 11 VDC to 16VDC. -18 WO 03/038981 PCT/ US02/ 03542 30. A power
converter, conprising: a first circuit converting an AC input voltage to a
first prwoasessysned DC out put voltage; a second circuit @CmUSN2/03%g2 a DC

i nput voltage to a second 5 predeterm ned DC out put voltage; and an third
circuit receiving said first and second predeterm ned DC voltages and, in
response thereto, providing a selectable DC output voltage at a first

out put, wherein said selectable DC output voltage is established as a
function a renyyabl£ppegtavenadubaprisifig:31. The power converter of Caim
30 wherein said first_and second predeterm necg DC, out.pyt vol tages are
substantially the s&w@rsh%u&@nﬁ?@vg&%§(fﬁpufav B dHode. 15 20 25 -19

predetermined DC output voltage;

a second circuit converting a DC input voltage to a second
5  predetermined DC output voltage; and
an third circuit receiving said first and second predetermined DC
voltages and, in response thersto, providing a selectable DC output voltage at a
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.
15
20
25
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