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PONER CO\I\/ERTE@%#@DSTECHNI CAL FI ELD The present invention generally
relates to th & bt power converters, and nore parti cul BE1/¥sio03s2 dual

i nput AC and DC to -programmabl e DC out put power converter. BACKGROUND OF.
THE | NVENTI ON 15 As the use of nobile electronic products, such as PC

not ebooks, PDAs, cellular telephones and the |ike, continues to increase,
the new for | ow cost, conpact power supplies to power and recharge these
products al so continues to increase. Mst manufacturers of nobile products
typically include plug-in power adapters along with these nobile products

to help facilitateDUnE PSRET BOppCYPROGRERMABDE bORER SYUSTSRPLS- Today’s
power adapters are typically ACto-DC, or DC-to-DC power converters which

are configured to either step-up or step-down the DC vol tage input
delivered ko the nobile device. Wth AC-to-DC adapters, for exanple, users

can power nost nobile devices by sinply plugging the adapter into a sinple
AC 25 wall outlet comonly found in nost hones or offices. Simlarly, when

only DC -1 1 June 2004

10 TECHNICAL FIELD

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

BACKGROUND OF THF, INVENTION

15 As the use of mobile electronic products, such as PC notebooks, PDAs ,
cellutar 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 typically include plug-in power
adapters along with these mobile products to help facilitate the power supply

20  negds of their customers,

Today’s power adapters are typically AC-0-DC, or DC~1£0-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 adapters, for example, users
can power most mobile devices by simply plugging the adapter into a simple AC

25  wall outlet commonly fougd in most homes or offices. Similarly, when only DC
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WD 03/ 038981 PCT/ US02/ 03542 input power is available, such as 11 an

autonobil e or airplane, users can still power their nobile devices by
simply using woseswse d, off-the-shelf DC-to-DC adapter. ot h
adapters are designed and tailored to provide a regul ated N%S{O%mtsg

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
of ten requi r ethpubpeeertiy allils, aheh REAR AitSmble RRaBYIHE WRNEIL 4 each

i ndi vi dual nobil e tge.vi %gg?g'hi,s of ten nmeans that users have to carry

nul tipl e adapPBYVE gha cxireey $implt usig festandard of-theasigIEDGERBC for a 10
DC i nput powegd r VAo r tiple adapters to
put p mrmﬁﬁ% Egc?i%%?)té&%%ﬂ&%ﬂ%arﬁg lta%qglrf'ﬁ t ﬁreo%g\/airg@ﬁ%{t?g P

power rmnultiple devices. ] _carryin an o a tine,
users of nobPCePYPEaakeee skl tyaicelly pnge fomdetvaren\s VT ie IWDC one bul k power

supply adapt Sépen&i(ﬁ%gﬁ%éﬁﬁélefrﬁ&?l@%e\%é%ﬁ%iﬁ%gcr\{)eetg for a power converter

t hat resol ves the syst em nmanagemnen efs ‘associ ated with carrying
all of the different power supply conponents necessary to power a w de
variety of nobile 8HhHghtlase powesadsnters convonieutleprovide ditech ppwaemdconver t er

woul d advant a&ggd%{n aiRa I & ower supply, needs of several
di fferent nobile, eéicgﬁe@, as’.%??rs %Sﬁgﬁ]&gu{l%%@c\éﬁyﬁma%%e%dagﬁg Pegul ated DC
out put vol t agifovide pewpiinsachindisiduslanotile dadea MhidTeDGdatpihbt nselshage.
Mor eover, by | . r.conve on -having nultiple output termnals,
users have th{gq;éﬁ??ﬁhyﬁ gﬁ&ﬁegs\??%‘?ir:?%%é\épp?t@%g’%@uﬁ%’ #wrrletiaces of
varyi ng pterDEduaplit pewertonrce shonsbteansan sypically egry shiltipte Mhptehabher the i nput
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 1 June 2004 WO 03/038981 PCT/ Us02) 85545° % Ry
OF THE | NVENTI ON The present invention achieves technical advantages as a
power conver weros/sgapabl e of supplying dual DC out put volt ages okesnises from
either an AC input voltage or a DC input voltage. The power converter can
be externally 5 programmabl e 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 ed WSUMNEARYOE SR ENVENTI®@Nent i nterface conponents necessary to
power a wi de variety of nobile products. By having dual output voltage
connections, rnobi (Tee presetiventiar shicess t@dhﬂmhtﬁvmm)ﬁs dﬁoﬁﬁﬁ‘%ﬁvdﬂéﬂi ple

T oo bkl IR RO PSRl 7 8B i et b, 00 YO
there is provbldes oaa@iiviput voltage. The power converter can be externally
5 programmable to cover a wide tange of Voltage and current combinations, suitable

for a wide variety of mobile product offerings. Moreover, the power converter

also resolves the management problems associated with having several different

interface components necessary to power a wide variety of mobile products, By

having dual output voltage connections, mobile product usezs can simultaneously

10 power multiple mobile devices of varying power specifications. |

15
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converter, conprising: a first circuit converting an AC i nput voltage to a
first DC output voltage; 5 a second circuit converting a DC i nput voltage
to a second DO muspei voltage; and an third circuit recei Whg; D%SH rst
and second DC out put voltages and, in response thereto, providing a
sel ectabl e DC out put voltage at a first output, wherein the selectable DC
out put voltage is established as a function of a renovabl e program nodul e.
-4 1 June 2004 WO 03/038981 PCT/ US02/ 03542 BRI EF DESCRI PTI ON OF THE
DRAW NGS Advant adésicedrdetne witly emtspent afhile ienape ahéreGs SRNRAI ? oM || be
under st ood %y) %}Pze of ordinary skill in the art by reference the
fol |l ow ng AR &%Fm%t. on of pref erred enbodl ments taken | n
conjunction wth a figst Greditd A sho bl ock di agram
of a dual |nput AC and mtp%umﬁgrgﬁlng]o%}/\gﬂger aV| toé'&el out puts
in accordand®g%h the present invention; Fi gure 1B shows an expl oded vi ew
of the -canverter vgf%'n dﬁ]hle det achaale é? buck circuit; Figure 2 shows a
schemati ¢ di agram or t %r% \2e? D& inpuf ypltageals a second DC output

voltage; and

an third circuit receiving the first and second DC output voltages and, in
response thereto, providing a selectable DC output voltage at a first outpu,

wherein the selectable DC output voltage is established as a functlon of a
removable program module.



. o . ) _ 1 June 2004
illustrated in Figure 1 in accordance wth the present invention; and

Figure 3 shows a detailed schematic diagramof a DC-to-DC buck converter
circuit in ac?@stg@?@g with the present invention; and 15 -5 1June 2004 WO
03/ 038981 PCT. 542 DETAI LED DESCRI PTI ON OF THE PREFERFIEHUSUBESIVENT
The nunerous innovative teachings of the present applications wll be
described with particular reference to the presently preferred exenpl ary
enbodi nents. However, it should be understood that this class of

enbodi ments 5 gy g v I t he many advant ageous uses
and innovative teac%is%g#ﬁle@gi n: ﬁﬁﬁggﬁer ,Sstaterrents made in the

speci fication of the present application do not necessarily delimt any of
the various cl ai med‘dvaRtages pbths inventinnewdhe specifie embatieempiell say appl y to

sonme inventi veni@ahsd . ers., 10. There is_shown in Figure | A
a bl ock diagram of a %2?%8%%@%%%@Pyéaﬁm?etfertﬂ%ﬁﬂ%gng_ dual
progranmabl e Betailed deserivtion ofpreforied embodingat caken i dohjuBRorkRE AL | Nvent i on.

Pr ef er abl ys thﬁ“qﬁ%l : ‘pﬂ&g AC/ DC power converter 10 conprises a power
converter circurt 20 having an AC-to-DC converter 22, a DC- to-DC booster

converter 24, a feedback circuit 26, a filter circuit 25 and a DC-to 15 DC
buck converter 28.Fighe lfoshews e biveck dtagraneof cdiial inp AG 28€BC auesed i n housi ng

converter having dual DC voltage outputs in accordance with the present
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 convetfer circuit as
illustrated in Figure 1 in accordance with the Ppresent invention; and

Figure 3 shows a detailed schematic diagram of a DC-to-DC buck
converter circnit in accordance with the present invention; and

15



13 and advant ageously provides a first programuabl e DC out pu% J%FT’ t2§8‘é at DC
output termnal 16 and a second programmabl e DC out put voltage at term nal
18. Both of out put voltages nmay be generated as a_function of
both AC and %@ﬁf’%’}% vol tages. 20 In operation, the AC to- DEVESHEMEer 22
receives an AC signal via input termnal 12 and provides a regul ated DC
out put voltage at node N1. Simlarly, the DC-to-DC booster converter 24
may receive a DC input voltage at its input via input termnal 14 and may

al so provide priagHd SRSERIPFON DIV PhEAGErRERRIPEMBOBIMiv ©F M nal s 12
Into a si ngl € conmmbn connect or

and 14 are integrate such t hat

different pover corlsatadlshoiveasRhig: HMUbRANSRILLRIL Wifi her ent sour ces

are received by the common connector nsta power from-6 1
June 2004 WO éBeiizd sdth reaivubsoctiess4e thepresently pmfsmed exsmplpwwer source are

wired to coup | %ﬁ?d ' e . I nput 14,
In a sel ect edénzbr%éﬂr%r%#o,“;%ﬁlgﬂ - oﬁﬁld%lgﬁd\?grt@grﬂ{lg%sg’g8%%%%@5%‘% 0 generate
a DC out put vmbtideeondy a et eweeiplek 5YDE reang addadigeous useemddmewative an AC i nput
voltage at term,nal .12.r.angi ng, bet ween 90VAC.and 5. 265V, Li kewi se, the
DC-t 0- DC boosCATHES oI BF Eesiréh Stalents apnde 4 HE Sorelicalion elthg BB vol ¢ age
whi ch i sdsubsztp@!ibait'@hldyo nstmcbamﬂydeﬁrhﬂh?ﬁﬁfmeﬂmﬁfu}seraér&éﬂ.inh&ﬂtiomi ch i SI
generated in sponse to DC.i nput vol tage ,su i at Jinput termnal 14.
Preferably, ﬁ{egygcs%%g% 6%??5%?3 tosgime ‘?g‘gﬁ? at"%eﬁ’]?”ég%ﬁ% a vol tage
in the others.

10 There is shown in Figure 1A a block diagram of a dual input AC/DC

power converter 10 having dual programmable DC voltage oufputs 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, a DC-
t0-DC booster converter 24, a feedback circuit 26, a filter circuit 25 and a DC-to-

15 DCbuck 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-t0-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
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range of between 1 1VDC and 16VDC. Advant ageously, AC-to-DC conQ/eerS| on, 10

via AC-to-DC converter 22, allows users of the power converter 10 to povver

hi gh power nokid @098l ces, such as a | aptop conputer wherev 1@%02/
power is available, such as in the home or office, for exa%q 0342

Conversely, the DC-to- DC booster converter 24 of the power converter 10 is
capabl e of powering simlar high-power devices by stepping up nost |ow
anplitude DC input signals, such as 15 those found in autonobile and/or

ai rpl ane e”“a‘h%ﬂ‘ﬁ%&%rcé??oﬁ&%%ceﬁfe%f‘eﬁt&b&&ﬂ%%n%pﬁlt@@ﬁndakésb uis tied to

the respective oltputs the converter rred
enbodi ment , twigedito|coeple & inpusild. I@amw@mbpdmept, i Ale-teD0 ¢angeét DC. out put

voltage at s | nal 16, at
an out put po%ﬁggﬁ%qmg%}eﬁ%gpoew%@ Eggbﬁt{@gﬁ?m&‘? (}BS ci rcuit 26
i s shown couptspdntedothddbmprubliade aft tertnial lz:nmgugbetﬁfﬁem%\h@ﬁandt\lz In a
preferred_.e | t he | rcuit r a _single feedback

| oop, regd %gbﬁg%"‘?ﬁg&‘ ﬁ%@cﬁg% g"f’?‘f“f@f I?)%Pg%tff’ﬁ’ﬁ? t t ages

gener ated by Ihmt)htpﬁwmﬁgéﬁhﬁhi?s%umdmaﬂysxﬁﬂdﬂoltnmfbcmveﬁM2 bgtedhigck circuit
26 is adapteq to receive a renoyahpl e prgﬁ anm _ng npdul e t, ajt 25 al |l ows

mobi | e devi céS BEEFed 18 respatse dRa D W ypliggesupplicd gt Oyt torgrin dé at output 16

via node N2. PLéfRraBIyBXRIDO YodsERs dbibrefO Iy ik %@a‘iytéﬂ t5?66e1315 2 GOREY iR HRY A
resistor, wherein different associated val ués of the resistor establish

di fferent asdeRgefbetwesn 15VRE apdioViE ddvesegust P(E"ﬁ 19585 c98versionC out put
vol tages 19t G4 RELiodSC chiebr VARG HSEE 8f 118 pSRbiSiohietRl Yo & \aRae the ‘

high-power mobile 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 amplitade 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
: 6utput terminal 16, at an oufput power of 75 watts, for example.

20 The single feedback cirouit 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 thet

25  allows mobile device users to provide a selectable DC output voltage at output 16
vianode N2. The programming module comprises a key 15 comprising a resistor,

wherein different associated values of the resistor establish different associated

-
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voltage |l evel of the filtered DC output voltage, the power converter 10 may

be adapted to power a variety of different nobile el ectronic devices,

havi ng di ff er ¢ ¢3/03g8pCi at ed power requirenents. Mreover, t r
converter's 10 progranmm ng 5 nodul e nay al so be adapted to #&#ﬁ@@¥%

addi tional function of output current I|imting. 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 output termnal 18, havi ng an out put

pover of 10 wa]DCsampfuowmécraegﬂP ut ¥6e ey 9@6@&%{2&?&&0%&9&%{ %61 0 dl screetly

steps down the filte % age and ces a second vol t age
at a separat e GHeBUEvelOf fhedikpred Cﬂlifplﬁ@kamﬂsqjaowam:iwmuomaly%ebmk
converter 28 sidamed ek BGaden) bEJ; i wt valtage to a ;range of about
3VvDC and 15VDCQI&Advant aegeouse:t%/, U%&gfﬁc?eﬁg‘”gﬁ ‘Eesakﬂv YeHer at ed by
converter 28 @ﬂ%@é@ﬂ@ﬁ@éﬁﬁumemwmmmamtpoaietwnk@;wrs 10RRGehdgiddC out put

15 vol t agesat L& gh 1o ser, e.present 1nvention to
power not onl y ujghIﬂ méogbv%%ﬁgé)éd%&f{g%ﬁ? %51"?‘%? Tyt agmangr ;| but

al so, a secondimifig+ power peripheral, such as a cell phone, PDA, and the
i ke. Nbreover the present invention alloms for t hese peripherals to be

povier ed 51 M ANk et Bl e B S Bl R S naaabr Sch B £ om
t he mai n housPryidite aseceibdA ontpuFialtape thhBis ﬂ&én'i@d\toﬂﬁ tpul kb BIEDE, buck
L AR e B ks s 111
now to Fi §Ur edizcrebiby ﬂepsslowhwﬁlebrﬁnbe %Itag“e a2t PEYAAEEs Qfseéo% DEGWGH converter
circuit 20 of v&l@a%e dual Sepatate outpﬁﬁeggmglo{\ée Ta soe?é/c%crdtegbomment the buck
converter 28 steps down the filtered DC output voltage to 2 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 Ppresent 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
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25 depicted in Figure 1 in accordance wth an exenplary enbodi nent of the

present invention. As described herein in greater detail, the power

converter cirgdigsesdg; in -8 1 June 2004 WO 03/ 038981 PCT/ US%%&%%
preferred enbodi nent, conprises three separate converters to povver

converter 22, DC/DC boost converter 24, and DC-to-DC buck converter
AC- TO- DC CONVERTER The AC-t o-DC power converter 22 includes a true off l'ine
switcher which 5 is configured in a fly-back topol ogy. Full-wave

rectification aqfrefaﬂi}edA&Bdﬂﬁk&nt Sofipakes tﬁx%@ﬁ‘ép!ﬁ%c% éri?;[‘g"kd ﬂ]ﬁ{li&%@lz occurs
using a full wave br e rectifier BDL and a ter capaci whi ch
creates a DC Y8¥e ’éi%g)&@pg’ﬁp%%‘ﬁﬂ%@ Wﬂdhéi?cbipkmanm'terﬂ&ductor Li

of fers additional BAG filtering of the AC signal after the signal has been

rectified thra@rg-be convempreErbri dge. The AC-to-DC 10 converter 22 al so
I ncl udes a main control I er 1Cl configured as a current node pul se-w dth

nodul at or (PWV . {Q{fl ler ICl is also configured to have a
si ngl e- ended out pu BV GPRvegier Fetnchudepradiuetoff inepwiiisherdvttitter et 0. The

AC- to-DC powercoafi iuearﬂ drives the
Dowhrcoaapued oy 11 ReckAgpol AL ARYEHeo el Glofth A0kl O 1 veS ¢

main transformer, Ti. preferred enbodi nent
Schot t ky di od&843 M%V%@Pﬂﬁwﬂd@pa@mmgm amlemeamﬁﬁene to provide

the DC out put Bmlahaa%teﬁé Elﬁt%?c&*'yméﬁc&%gfgn%%h tﬁ;' teg,gﬁ' [cuit 25

all ows for additional erl n out u &Wed from node
Nl . The fil teFWféqhet:fenesat%Indu@en }1 offerp ndditeanal EMI ﬁltenng ofthe 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 IC'1 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 corabine to provide the DC output voltage
at node N1.

As noted earlier, filier 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. Adventageously, 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 cirouit 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



I nductor L3, capacitor C26 and transfornmer NF1l. Advant ageous1 %net ﬁgg?i I ter
20 circuit 25 produces a filtered DC output voltage at output 16 having

| ess than 10Qgwspeakr t 0- peak noise and ripple. The feedbac grl rcuit 26,
through a single feedback |oop, is capable of regulating t k&SP YE ¥y DC
out put voltages provided by the converters 22 and 24. The feedback circuit
26 is also adapted to be coupled to a renovabl e 25 programm ng nodul e
having a key 15, conprising resistor R53. As such, the -9 1 June 2004 WO
03/ 038981 PCTHSHRIRSRAR a1 ively
programthe ch): out put volat gﬁiﬁ#gst%?gﬁ%ggb\ﬁ%r&%ﬁoﬂﬁté%gﬁmi901%1@!3% 16. The
f eedback ci r cXFeeLv tPH‘@PUGE@Hd lonShofodhsrlerirouiti2f dudlndes eppetostuplyra pair of
phot ocoupl er s, 5'13?{0 e each bei ng
coupled to thel%gﬁtcg% lkg gper gt%a ﬂeé%m?ﬁ %?ggfé%eﬂt%gﬁggeg%%

Advant ageous I Staclqe@ewh bhiog coupigl tortse wtmtaof@ngadna hmpl;ﬁérb\ K}4~Aeﬂliac K | oop

of the feed | 1.0 aII the fee Ci It 26

ef ficient I y regu'l a%&g%%y% %ﬂf BaERE© & é‘§ 8‘1%&?1%d by bot h
converters ZZoapdffhdfeeﬂHSHckmg:bmm@Iﬂ@dl&oﬁaﬂﬁdb@&kdﬂad@mclﬂlﬂﬁsdfﬁﬁ&lﬂ}g t he
phot o- coupl ers, .the. prese I.nvention also o t he converter 10
to maintain p’ig ﬁfﬁ ﬁﬁ%@é}%ﬁ?@&*ﬁﬁ@@ﬁ&ﬂwe ﬁonrvé’ét%émgﬁ%z‘{ ermnal s
12 and 14 ancthmltgbu%mgl%rf&dbadk 166p. Ps@bleRoft YhotbdEurdets, Ak dp:.%b%fnf ent limting

function of conv rte acconplished via integrated circuit | C4A
resistors R3FDY ovg‘sn@a %@eraﬁqaverter 10 to maintain proper mput/output

10 isolatlon between respective terminals 12 and 14 and output terminal 16.

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
ZD2 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 tunued on again,

25

-10-
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progranm ng resistor R54. Over voltage protection of AC-to-DC converter 22
I s achi eved using 15 photocoupler PH 2 and zener diode ZD2. In a preferred

enbodi ment, z@oRkshede ZD2 is set at 25V such that when |?%éal anche mode
it causes the transistor side ofphotocoupler PH2 to bias t SRS Ql

into the on state. Wien it is the on state, transistor B pulls low pin 1
of integrated controller ICl and pulls the operating duty cycle of the
integrated controller towards 0% This takes the DC 20 out put voltage to O

volts. Al so, WeTO-DLCONVERTIRI S on, transistor @ is ‘also forced on
whi ch then forces these two transistors becone latched. If transistors Q

and 2 are | atched.i t nmust be recycled in order for the power
converter 10 to beTPﬁﬁﬁHta'Igﬁc%f@’&ﬂFf24250011]?!311@5131%@0@@%01@@&%&981

DC- TO- DC CONVERSTdaiie R@E/ Jf 54035 onf i gur ed
I n a boost to%%cg];v:’ and  ut ig%rl Zeg&tﬂ;ﬁl@r ?gﬁng éf&w %?&rﬁ%%ﬁ Wiroll er,
| C2, as used £y trapsistor Qgtahféaﬂb-emMM&mwﬂdumdl&zﬂebﬁﬁsaﬂﬁél stor Q8

acts as thé naidi EHRE. 5 main rectifier.
LZﬁ%E%Qa dﬂil Bf‘ﬁu%t&st A;‘émgn BOGEBPYESEE i nduct or,

Preferably, inductor
which is conpitd¥ghar, Fthick is @?D&?rﬁeéoféetom@eoremﬂmdhmrctoﬂ Itsﬁbﬂﬂ'bg be understood

that the cat hgfifdigadfa Me HRAE Baltldr ANEs 581 &L gpenc%%gcged, E‘o%r;unxlgng

an ORed configuration, requiring only one output filter. Advantageously, this
eliminates the board space needed for a second set of filters capacitors.

10 Like the AC-t0-DC converter 22, the DC-t0-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-t0-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
pomt (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 lof 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 circnit that requires that input

11~
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an ORed configuration, requiring only one output filter. Advan%%egeousl Y,

this elimnates the board space needed for a second set of filters

capaci tors. 1Wdaskesskhe AC-to-DC converter 22, the DC-to-DCPCé)‘?%g/@ 24 is
al so designed to operate at a frequency of around 80KHZ. For % 0-DC

converter 22, the operating frequency is set by resistor R13 and capacitor
C7. Likewi se, 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 - vol t agewgbeiegtle@h 66 iditim of MWHYoke! HhveRRaD iflh ol Bigve! €SI St or
nsistor 415, and silicon-controlled rectifier SCI.

R23, R24, R48 ‘S_Iéé
Zener di ode ZPPVREiEIciedafepdaMl+ age protection point (OVP) which is
preferably set at 25VDC. Generally, there is no current flow ng through
resistor R48. It. m\@aﬁﬁérauxym@m@inFCie%@&e%@%mbﬁﬁltv&%eéha ifofiRRgHCt

0

current, the drop ‘%crqss R48 is signiTicant énoug biras transistor 6
on, pul ling itEnediemuster NEEnli{ar example, thereds  lsemteshnding incregsesin fiec on
controlleds r o ; il . T, is on, it
R B e T R R i Gt

i ntegrated cotemaftpeiNTCEAhersby eansing liransision QA todminvesrand paB dew pindoé f or ced to

operate at a Vel e y oduci ut put vol t age of
0 volts at pi %H%?lat d \&;1] gﬁ.\t g(g.?éé%/%oln&&?{r?g glﬁ)? érh%%%?ﬂ%ﬁgjﬁe%iﬁ’??"g@?ﬁ i er SC1
functi ons as BHptoiesrbidsed elwngh ite sdtivateladstcl eirpuitrcomptiting tramuidrs QL hnd June 2004
WO 03/038981 B%Ws/hgg’d%% the power converter 22, In addition, the power converter’s

10 10 thermal protection feature is adapted to operate regardless of whether an AC or

DC input voltage is being received at their respective input terminals,

Figure 3 shows a detailed schematic diagram of the DC-to-DC buck
convetter 28 in accordance with the present invention. The buck converter 28 has
aﬁ 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 Rl; 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 Vo Fuse F1 is shown coupled
between Viy 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 o 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 Vi, coupled to output terminal 18. Advantageously,

«12~
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power be recycled in order to tarn on the power converter 10 |f a voltage

above 25VDC is detected at node N1. The tenperature of the housing 13 of
the power conygydsRksedP is nmonitored wusing a thermstor for
exanpl e, there is a corresponding increase in the 5 tenper g&&?@%’f’“ﬁﬁe
housing 13, it will result in a decrease in the resistive val ue of

therm stor NTC3, thereby causing transistor @ to turn on and pull ow pin
1 of integrated circuit 1C2 of converter 24. Mreover, this causes the

phot 0- c0uPT ef o LehBl 2RiaRER LA A yeABick oY) dooatphﬂmagswdcuit

conprising transistors that  w Wer converter
22. | n additi providehe sgrone P Comiprs voltagt st abfput Germingt h&Whphmmdeemﬁenf eature is

bei g recel voi MO elrERRH AR Tuthop e DGRl el ot il Y, S0 1

det ai | ed schenﬂ:bwmeaha?g}camtpﬁt vbln@elaﬂhtebummaker ze@nalﬂﬂssttaersm-l n accor dance
with the present invention. .The b converter has 1N r at ed
Tt contr DY@ P EheaS ek 1o St EphoBR, b DS nEr Atias HobR T 1
adapted to gened scRtedenbiddinidi tekburk 6ot 28 Pap@We belaigied Bipadvided t ch QL.

The operating frequency of controll IClL is set capaC| C6, which is
coupl ed bet wRETPURY, valt arm@%ﬁmgfrai%@n%ﬁ eW?E‘F 15369% is coupl ed

bet ween pins sel&h@é@d&eﬁﬁe&aﬁﬁﬁ&iﬁ%f%@ﬁ@éeﬁ%ﬁﬁm orrs@mwrmawamfcwctl ons

conprises a Schottky diode and functions as_"catch” diode. Inductor L1 is

a out put powePal'F?}H%Fd-‘tUGk cenvarion8s with p dxaliprwerdaliveryrof 16 weatts.orgxampleor Q1 to
V[err] Fusg Fiq Pfevﬁﬁ@tg«a%éhﬁgﬂéde&ebﬁamﬁ%m nﬁg%ewﬁs@émﬁ?h%fem nal of

power transi sto vant ageous rovi des current r ot eCtI onto
buck- conver t edetzaablepragven madale thahenableputeraﬁo selgetivahepropeam thoPberter 28 is

coupled to t hgutput voltage at terminal 18 as a fimction 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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output of filter circuit 25 at node N2, wherein Vi, receives the filtered

DC output 25 voltage therefrom In a preferred enbodi nent, the buck
converter 28 provides a second DC output voltage at V[err], coupled to
output term nal 18. Advantageously, -12 1 June 2004 WO 03/038981

PCT/ US02/ 03542 t he buck convert 28 discreetly steps down the filtered DC
out put volteganpaged provides a second DC output voltage at output term nal
18 which is independent - of,. and substantially |ower than the DC out put
voltage at output term nal 16. Likew se, the DC output voltage of the buck
converter 28 enables users l-ow 5 power peripherals, such as, a cell phones,

a PDAs, andior sABhkéfcodPddck | .. In a sel ected enbodi nent, the buck
convert 28 may al g?) be adagt @ﬁ?\é{n%rggl\%'de a DC output voltage at out put

term nal 18 rangi e &k : Vv sel ectively determned as a
function of the chosen v |28 ;afgg}ngggs](g?]%&lvoﬁ@%%ﬁgﬂ"t t IXa puipaiyodiegdy uck
converter 28, Walddcahdlcpbal 2l i ofr?i%) ts, for exanple. 10 As
previ ously mentioned, the %282 ggﬁ%ﬁt@; }ﬁggtv %%ﬁ%bﬁ?saéamﬂmpg@wﬂ@u@e;

det achabl e *pffogr am nodul e t hat enabl es users to selectively programthe DC

output voltage at termnal 18 as a function of different associated buck

converter mdu%@ﬁ%&’@@%ﬁ@ewmtﬁmhmmmediﬁmdﬁpﬁtr%hﬁﬁbs%&,%. %ﬂﬁgt to
S

speci fic prikdreto) Revidike a8 hi variations an di fi.catiohs wl|l
become apparent to thggegfg%gw????ur?ﬁgﬂ?ﬁgta{ﬁmh"%‘éﬁ?&g%ﬁé‘nﬁ%wblﬁDC
appl i cat i oR™PHVelees Meptablished atrefuneticafiaaemovable program module (15).

2. Thepower converter of Claim 1 wherein the first circuit and the second circuit receive
‘ their respective AC input voltage and DC input voltage at a comumon single connector (17).

3. The power converter of Claim | wherein the removable program module corprises a

passive component (R53),_ wherein the selectable DC output voltage is & function of the value of
the passive component.

4. The power converter of Claim 3 wherein the passive component is a résistor (R53).

5. The power converter of Clairh 1 wherein the third circuit includes & feedback circuit (26)
couplgd to the first circuit and the second circuit, the feedback circuit regulating the first and
second DC output voltages generated by the respective first and second circuits.

6. The power converter of Claim 5 wherein the feedback circuit comprises a single feedback
loop.

14
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that the appended clains be interpreted as broadly as possible in \9%w of
the prior art to include all such variations and nodifications. 20 1 June
2004 CLAIMS 1. A power converter (10), conprising: and a first circuit (22)
converting an AC input voltage (12) to a first DC output voltage; a second
circuit (24) converting a DC input voltage (14) to a second DC out put

vol tage; anzthi rfeqihte ) cel.Vi .1 edji rst and_second DC out put
vol tages and, in ‘ gj'opoﬁgotgwgﬁgrffe: an 16?‘&?%&{? irsf apd pecerdBCoutput yeitages are
vol t age at %lbﬂmtgrﬂydwtspme atid 6 proviieia Bchhifos gbkoalkl e DC out put vol tage
I s established as a function of a renovabl e program nodule (15). 2. The

power converter of Claim1 wherein the first circuit and the second circuit
receive their respective AC input voltage and DC i nput voltage at a common

si ngl ebf onrfect orThe pPyer @nvertee oPCiatn 1cmthee tértiprisig Qo@ﬁﬁbﬂrc\ﬂtggé)ed IEE"?O the he

renovabl e ve conponent In t

sel ect abl e%‘g‘f’)‘%@ﬁ% &iy%’l% d?‘%ﬁen%é“’a%?faﬁfega@ﬁf ‘?HtP"ttF‘( qga%@schpnd Qq@tlﬁh@& ve

conponent . wherebprgheuoneerter sevoad DErousfut ChitdgBisIoWBEh S fhe E&]\% BV %??ﬁ gagnt
er t

is a resistor (R53). 5. The power converter of Claiml ern
circuit includes a feedback circuit (26) coupled to the first circuit and
the second circuit, the feedback circuit regulating the first and second

DC out put Yol t adbepejestepunester ofClaines whenamm ﬂﬂrthlcfr&ht% Bflis SE6QREydelabitbie

6. The po i.m.5.wher e circuit rises a
si ngl e ]E) e‘é’?‘ggﬁt&@i’g@{éﬁﬁc vt d allowmg% oren sald?ourttflcuculfs to be coupledrrtg the

convetter to obtam different said converter second DC output voltages,

10.  The power converter of Claim 8 wherein the fourth circuit comprises a DC—to—DC buck
“converter providing the converter second DC output voltage.

11. . The power converter of Claim 10 wherein the DC-to-DC buck convetter is adapted to
provide the converter sccond DC output voltage of between 3VDC and 15VDC., -

12.  The power converter of Claim 8 wherein the converter second DC output voltage i is
mdependcnt of the selectable DC output voltage.

13.  The power converter of Claim 8 wherein the selectable DC output voltage and the
converter second DC output voltage are provided by the converter simultaneously.

14.  The power converter of Claim 1 further comprising a filter circuit (25) adapted to filter

the first and second DC output voltages and provide a respective first and second filtered DC
output voltage at a common node (N2),

15
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14 1June 2004 7. The power converter of Claim21 wherein the first g{r)lzé
second DC output voltages are substantially the sanme and are provided to a
common node (Ni). 8. The power converter of Claim1 further conprising a
fourth circuit (28) coupled to the third circuit and providing a converter
second DC out put voltage at a second output (18), whereby the converter
second DC outsput THohéw&eol ] el ect abl.e DC out put vol tage. 9.
The power converterbof d g‘?ﬁeg lglpg?ﬁih%ﬁ%@tﬁ%tbﬂrﬁ e mrisesBPCita-DC down-
sel ectivel y “dete8€habl e fromthe rest of the converter (10) allowi ng
different sai.d fourth circuits to be coupled to the converter to obtain
different said converter second DC out put voltages. 10. The power converter
of Claim8 erein the fourth circuit conprises a DC-to DC buck converter
provi di ng t He& co'ﬁ{;"e?qv\é‘-’t" coesa B imutpulerain tHeagmnd tikcuit coliRisBOMRSCEOBEEL S €T
of Claim 10ceiefi&l N t he DC-to-DC buck converter is adapted to provide the
converter second DC out put voltage of between 3VDC and 15VDC. 12. The power
converter of Claim8 wherein the converter second DC output voltage is
i ndependent of the sel ectable DC output voltage. 13. The power converter of
d ai m 8 whelki n THeg s&tvaly Phif age and the converter second
DC out put voltage arogﬁinrovi déé_-g)fby tﬁteﬁ%ﬁeve{‘h%gg'cg’iwﬁﬁtﬁ %&W“’Wﬁtﬂ'ﬁéﬂ
power convett fCoRYexierh operating #tdhe saoefraqeémey (80 KHEZJ.er circuit (25) adapted
to filter the first and second DC output voltages and provide a respective
first and second filtered DC output voltage at a common node (N2). 15 |
June 2004 18

The power converter of Claim 1 wherein the first circuit comprises an AC-to-DC flyback
converter adapted to provide the first DC output voltage of between 1SVDC and 24VDC,

19.  The power converter of Claim 18 wherein thie second circuit comprises a DC-to-DC

boost converter adapted to provide the second DC output voltage of between 15VDC and
24VDC. o

20.  The power converter of Claim 1 wherein the second circuit converts the DC input voltage
to the second DC output voltage even when the DC input voltage varfes.

21.  The power converter of Claim 1 wherein the removable program module limits an output
current at the first output. |

22, The power converter of Claim 1 further including a protection circuit (22, 24) providing
an over-voltage protection function,

23, The power converter of Claim | wherein the first circuit is adapted to receive the AC
input voltage having a range of 90VAC to 265 VAC.,

16
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15. The power converter of Claim1l wherein the third circuit conprises a

DC-t o- DC down- converter. 16. The power converter of Caim 15 wherein the
second circuit conprises an DC-to-DC up- converter. 17. The power converter
of Claim 16 wherein the up-converter and-the down-converter are swtching
converters operating. at the same frequency (so KHZ). 18. The power
converter of Claim.1 wherein the first circuit conprises an AC-to-DC
flyback converter adapted to provide the first DC out put vol t age of

bet ween 15VHE an 4VDC 19 r.converter of Claim 18 wherein the
second cir c%g:t cglrlrp‘? (L gonyeres 0[}2:1%@ | whwen thegicandcieniniademed toaeiamhebd he
second DC oumpmolbagéhagfgmngwmmcl@{@@wd 24VDC. 20. The power
converter of Claim1l wherein the second circuit converts the DC i nput
voltage to the second DC output voltage even when the DC input voltage
varies. 21. 2él'he 'lgower converter of claim1l wherein the renovabl e program
nodul e |ini2% an hﬂnopdet con@ruterrﬁbﬁtjl@:h 1t38hdrlcb 9

converter . gl bberh furt her |ncIu ng a r%{)ﬂﬁﬁgﬁ&é}l&%‘aﬁl @%F\e@ﬁ??’)
providing an o 9/5% ' 23. The power converter-
of Caiml wherein the flrst CII’CUIt |s adapted to receive the AC i nput
vol tage having a range of 90VAC to 265 VAC. 16 1June 2004 24. The power
converter of Claiml wherein the second circuit is adapted to.receive- the
DC. input voltage having a range of | 1VDC to 16VDC.

17
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25. The power converter of Claiml further conprising a heat limtation

device (NTC3) limting an Operating tenperature of the converter (10). 17
| June 2004 DUAL | NPUT AC/ DC PROGRAMVABLE POWNER CONVERTER Abstract A dual

i nput AC/ DC power converter (10) having dual inputs (12,14) adapted to
recei ve both an AC and DC i nput and provide a sel ectable DC vol t age out put

(16) and a SeWM%M%M%kO&MW%@%%%WTﬁ&Wrter

(10) conprises a power converter circul 0- converter
(22), a DC-to-DC booster converter (24), a feedback circuit (26), a filter
circuit (25) and a DC-'to-DC buck converter (28). Advantageously, the
power converter (10) resolves many o . em managenent probl ens
associated with carrying all of the different interface conponents
necessary to power a w de variety of nobile products fromeither an AC or

DC power ~ suppl y# fupl et ti@RC paveersonesrtes dH)eaving quabjnpatssd 24dY adanseseous| y
dovi ces of U ssPiib et KEACR HE BT o tiS? belk el I vo Rk RsbI® By 2 ©
si ngl e conusd 4 eécond IFE guip®¥(188 The dual input AC/DC power converter (10) comprises
a power converter circuit (20) having an AC-t0-DC converter (22), a DC-to-DC
booster converter (24), a feedback circuit (26), a filter circuit (25) and a DC-to-DC
buck converter (28). Advantageously, the power converter (10) resolves many of
system management problems associated with carrying all of the different interface
components necessary to power a wide variety of mobile products from either an AC
or DC power supply. In addition, the power converter (10) also advantageously
includes dual output voltage terminals (16/18) to allow for multiple mobile devices of

varying power requirements to be powered simultaneously, by a single converter,

Fig. 1A
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