WO 03/ 073581 PCT/ S&2/00031 1 A Power Supply This invention relates to a
power supply, nore particularly but not exclusively, for an electronic
devi ce suwb 0a®7381 apt op conputer. 5 A conmon drawback for paTis&or/e@3conput er
is its reliance on the power supplied by a battery in order to be nobile.
Conventional Iy, the necessary power is provided using a battery pack
accommodated in a battery bay of the Ia to However, battery technol ogy
has al ways | agged behi nd t he devel ro?uURRYbet t er | i qui d-crystal

di spl ays, peripherals and faster processors whi ch demand nore power.
Despite the use of new power managenent technology to better nanage the
use of power, a typical unplug runtinme for a fully-charged battery pack is

still only gisinv2ntion 4elatesy & adspyesrdsupplynmbtee partigulariyt butnsotvédiahlisively, on
t he Iapt op conmputer. 15 Additional battery packs allow the user to extend

the "runti mgyr £ eldGohRS e SQERPHE gqa&bpqgolﬁ;mé,se there is a need to find
an AC power source, thereby Ilimting the user's nobility. This al so neans

purcha3|$g extra battery packs from the | aptop vendor. The battery packs
are usually expensive and are specific to 20 the brand and nodel of the

| apt t He that a hatt k |
conput er w11 SHBEH %mtchéwé’?apﬁ?g Piouferdt srrlatcr onire adUSTAdRPIG0

upgrading to a newer nodel fromthe sane_ nmanuf acturer Thus, the user wl|
usual |y fin@YtAdatialy 'Bd@l"dleirdﬁall)e HB@*P'!Q yCpayangionally, the necessary power is

provided using a battery pack accommodated in a battery bay of the laptop.
However, battery technology has always lagged behind the development of
10 better liquid-crystal displays, peripherals and faster processors which demand
more power. Despite the use of new power management technology to better
manage the use of power, a typical unplug runtime for a fully-charged battery
pack is still only about 2 to 4 hours, depending on the applications which run on
the laptop computer.
15
Additional battery packs allow the user to extend the “runtime” of the laptop
computer or otherwise there is a need to find an AC power source, thereby
limiting the user’s mobility. This also means purchasing extra battery packs from
the laptop vendor. The battery packs are usually expensive and are specific to
20 the brand and model of the laptop computer.
Hence, it is usual that a battery pack for one laptop computer will not fit another.
This is also normally the case when upgrading to a newer model from the same

manufacturer. Thus, the user will usually find that any additional battery packs



WO 03/ 073581 PCT/ S&2/00031 2 purchased will becone obsol ete when the user
upgrades to a new |l aptop conputer. Typically, the nobile user carries the
extra batwerog/opsseks with himin order to 5 replace the eroassozdodattery

pack with a charged pack. However, the sigze and weight of existing battery
packs do not meke transportation easy as they are normally thick and bul ky

whi ch takes u rec| ous ,storage.s e for the nobile ser, Mbreover, if
the'apt op dbltphised 1T Ra e noBte avienhS (T uboratiES food Ny

down t he notebook prior to performng the replacenent. This is an 1o added
i nconveni end®M@#et.her di sadvantage is the need to recharge the exhausted
battery pack in the battery bay of the | aptop conputer. The need for an AC

power source for the recharging is also a further di sadvantage which
reduces a user's nobility. 15 According to a first aspect of the invention,

there is prowieslya thewesbikupsdrycarfiesNhé Exban ettt grdokis avige himanradepdo t 0
generate an internedi ate voltage, and voltage conversion neans coupled to

the el eckri Cereé%{cb’thé *&héﬁ&ﬂeﬁ%tfé%‘]bgf:ﬁm a ghﬁg@ggﬁﬂtzﬁeﬁbwé@emﬁe size and

internediate tage to an output” voltage, e convérsion neans
compr 1 se5, 20 4ahBF ISR BB B W, R Pl AR AAR by B RETRT
KRR TR E AT NG EV B T S R
charge or lOouV\s/l?arr. I\?‘Igreectv%?*,t irf (t:)hnej1 ICapscjoepvci:c?r%'pu’glc-err](?{a(\z,focl){l;/a bncta rl])(zl‘ttery bay, there is a need
to power down the notebook prior to performing the replacement. This is an
10 added inconvenience. Another disadvantage is the need to recharge the
exhausted battery pack in the battery bay of the laptop computer. The need for
an AC power source for the recharging is also a further disadvantage which

reduces a user's mobility.

15 According to a first aspect of the invention, there is provided a power supply
comprising an electric cell arranged to generate an intermediate voltage, and
voltage conversion means coupled to the electric cell, the voltage conversion
means converting the intermediate voltage to an output voltage, wherein the
conversion means comprises adjustment means to vary the output voltage.

20
In the context of this application, the term “electric cell” means a device for

converting chemical energy into electrical energy.

An advantage of the .invention is that the power supply is able to adapt or vary

25 the output voltage to charge or power an electronic device. Therefore, the



WO 03/ 073581 PCT/ S&2/00031 3 power supply is not limted to the make,
nodel or the input voltage requirenment of the el ectronic device.

Typi cal | ywotohe73dj ust nent neans conpri ses a manual sw t chPaffiSGo2/n@gt be 5
moved to vary the output voltage. Therefoge, the switch nmay be noved to
select the desired output voltage that corresponds to the input voltage

required by the electronic, device, The power, supply may further conprise a
| ock mechaniRaW§osu é%%%édm'?@%ﬁfhen@a&% Wﬁerﬁ'pﬁ}?e'n%?l\é‘%]ﬁﬁ? reQsremant o
mnimse the risk of the swtch frombeing unintentionally adjusted. 10 In
an al t er nat iafdhe elrctepiicideviegt neans conprises detection means to detect

an i nput voltage of an electronic device coupled to the output voltage, in
use and the adjustnment means automatically adjusts the output voltage to
correspond to the detected input voltage of the el ectronic device, wthout

15 manual i MEwyidARt itR8 - adiBShHRSHRr Realb bNGTHIRC hegahOal BRiteh aghicRNiaydByi ce,
the power supply auto-detects the required input voltage of the el éctronic

devi q . . :
equt  ed Jout oy SR R he ARpUNabRETREIRGHRS URSRE el b Rl th Blect

i i - DC I d t t put _v.ol '
Conver ! on BV R eE hAP RISl BTSRRI B
t he e!ectr!c cell .may be [ithiumi nceIJ ﬁuch as a lithiumion_ pol yner
or prismati CleErPNICHRNIGEaITNG PQWRS S MaydHpNeT RAPESRSy IPsk mechamisan taf

cells coupled together in a series or
releasably lock the switch in the selected position to minimise the risk of the

switch from being unintentionally adjusted.

10 |
In an alternative, the adjustment means comprises detection means to detect
an input voltage of an electronic device coupled to the output voltage, in use
and the adjustment means automatically adjusts the output voltage to
correspond to the detected input voltage of the electronic device, without

15 manual intervention. Therefore, when connected to the electronic device, the
power supply auto-detects the required input voliage of the electronic device
and automatically adjusts the conversion means to output the required output
voltage to match the input voltage. Typically, the conversion means is a DC-DC
voltage converter and the output voltage is a DC voltage.

20
Preferably the electric cell is rechargeable. For example, the electric cell may be
a lithium-ion cell such as a lithium ion polymer or prismatic cell. Typically, the
power supply may comprise a number of cells coupled together in a series or

parallel connection or a combination of both to provide the intermediate voltage.



paral |l el connection or a conbination of both to provide the internediate
vol tage. WO 03/073581 PCT/ SG02/ 00031 4 The voltage conversi on neans may be
activat edwby3a7asei t ch to convert the internediate voltag@CresGokveoodut put
voltage to power the electronic device. Zypically, the power supply
further conprises charging nmeans having an output 5 coupled to the electric

cell, the ch i.ng_neans bein ted tqQ rece in ol t age n

char gi ng theﬁéﬁg V@%ng CEVETFR HB?B@MEW %et ﬂ‘é“‘f‘%%%%yea ?‘ﬁ'&n\{ gﬁﬁai SWhen
the electric, ceII IS char t he omer supply may then be used to provide
the necessar{&/B1acie "Pgt gg\ﬁélth? AH pé’fté!@ff@% Q:p%‘?"@@ elgpfeoiedericesuppl y nay
further conprise deactivation neans to reduce discharging of the to

el ectric cell when not coupled to an el ectronic device. Preferably, the
charging nmeans is adapted to receive a plurality of input voltages. An
advant age of Tyfiealphahgpowersapplyrfarther compeisesd thaginig/ mefankiving dRldugaigs 1 s
that different AC power adapters can be used to provide the |nput i's

vol tage t:0 tEsupledvs tﬁemxé&tncmmtﬁé Gk ding dledits BRI a8451RHeH Fé[»“cfenré*%n

electronic device may be used to provi he necessary 1 nput voltage. This

obvi ates t hey QUF%Itéé’%%ﬁr ¥h§rpﬁ'?)ﬂ{é3‘%fecﬁ% R8I (8 s%r c} the r??c%eg?e(ﬁ Rlimptower

suppl y. Typ| means co rlses o nmon

chargi ng or electric,cel Pr ef rab t he po
cupply Turt nEtGEmRRELRE Badic bl i U Gty eavercr iy fras) et Brded.
charging or charge status of the electric cel|l. The vi sual di spl ay device
may conpr i selCaPqvift thernacergaevalageoto §0W@Fébﬁ|@e@T%PdiﬁVéﬁﬁi 'Eb@/ Asaver

activated by a switch. This switch for activating the visual display
devi ce may bsupfily freae further cdmaprserdeadiivationt ieans <o usddce disobhirgiag eof the

10  electric cell when not coupled to an electronic device.

Preferably, the charging means is adapted to receive a plurality of input
voltages. An advantage of the charging means receiving a plurality of input
voltages is that different AC power adapters can be used to provide the input
15 voltage to the power supply. Specifically, an AC power adapter for the electronic
device may be used to provide the necessary input voltage. This obviates the

need to carry a separate AC power adapter to charge the power supply.

Typically, the charging means comprises means to monitor the charging or
20  charge status of the electric cell. Preferably, the power supply further comprises
a visual display device for displaying the charging or charge status of the
electric cell. The visual display device may comprise a light emitting device or a
graphic display and may be activated by a switch. This switch for activating the
visual display device may be different or the same switch that is used to activate

25  the voltage conversion means.



25 the vol tage conversion nmeans. WO 03/ 073581 PCT/ SG02/ 00031 5 Preferably,
the power supply further conprises a sound generation device which is

acti vat edwatven7iske el ectric cell is at a predeterm ned chacgsGozv@sl 5
Typically, the power supply further conprises a housing. Typically, the
housing is relatively thin conpared to the other dinensions of the
housing, for exanple the length and width. This has the advant age of
facilitating easier storage and/or portability of the power supply.
Typically, the shape of the housing is rectangular. Alternatively, the
housi ng may Preferaplyotther pewer sspphourdher cempriges shasendpgeneiedipnydevipe

el ectronic device is a portable electronic device, and typically a

port abl e conphithigadivatee whainctheasectrit apll gpaica prrdeternined chatgebleuvkl.
conputer. 15 An enbodi nent of the invention will now be described, by way
of exanple, with reference to the acconpanying drawi ngs, in which: Figure
1 is a perspective view of a power supply according to the invention; 20

Figure 2.s @;ﬁm%eglﬁ/;‘:tjﬁlioe ﬁ?é‘%i%ﬁlog'&r@hﬁeﬁe% ri§é§)§'ﬁvi\2ﬁ1n éin &c?‘allg,? tiARoldiay" € 3

depi cts the p el ng use ower adapter
and a |l aptop_computer,. . WO 03/ 073581 PCT/ Fi .
perspective '§ir8%%8?'yath5b&%?‘%§%éﬁf’%&? %ﬁﬁ%é’%’g}}'ﬁof ﬁb%bg%ﬁgéfgi%%q?see
Fi 3), t put .3 havi t put _pl , .
lgure 3) qcﬂeol%ngyh a%%wsvridtﬁ(.)rﬂns haas\“‘chneg aadr\]/ag’%g%uof Qac?nﬁtaﬁng aeaS|er storage
and/or portability of the power supply. Typically, the shape of the housing is
rectangular. Alternatively, the housing may be any other suitable or desired

10  shape.

Preferably, the electronic device is a portable electronic device, and typically a

portable computing device, such as a laptop computer or a notebook computer.

15  An embodiment of the invention will now be described, by way of example, with

reference to the accompanying drawings, in which: -

Figure 1 is a perspective view of a power supply according to the
invention;

20 Figure 2 is a circuit diagram of the power supply of Figure 1; and
Figure 3 depicts the power supply of Figure 1 being used with an AC

power adapter and a laptop computer.



mul ti-position adjustnment switch 14, a test/start switch 17 and a charge
I ndicator 5. Typically, the power suppl y | is rechargeabl e and thus the
i nput DC wWOo®ket3581 5 accepts an input voltage to charge or PRE®E02/0091 poner
supply 1 and the charge status is reflecged on the charge indicator 5,
which is activated by depressing the test/start switch 17. In this

enbodi ment , the cha e i ndi cato ises four light emttin

(LEDs) 6w tHi0kiECh ShEWs: & peiientve ol Bt pover s bp b Eompreigp P G, | |
char ged power su ply 1 wll have all the LEDs, 6 |it. In an 10 alternati ve,
nore or fewsock ée@aﬁlgsléelﬁéeantwtpeﬁopewemcomwé% bawngi a1y osiputdplyg Har @i ng
status. Sane colour LEDs 6 may be used for the charge indicator 5. 1In an
al t er nat i ve,muldi-pdsitienadjcstroent dviifoh 4, reateststavisswdtchuth ahta cliirf&dndioator
colours are used to 15 represent different |evels of charge. In a further

al ternative,5 arypicaNyi medp@wbayu%sly any reéshdrgbhllefaidmhek tHe SORDOROCREt 2sed
to represent the charging and I scharging status.. Wen charged, the power

supply 1.ge t | vt
| oad, for5 e%n% ?gﬁ ec\@rﬁg e‘f@ché@fec %@eﬁbﬁé}bv@ﬂé%ﬂ és?]lgp%%;b H%Jrgé
connected 0 e 0 t r ly 1,
Comect o0, e BB Ry PR SOETER B Al B bRy
charge controller a controller char, noni t or 10 and a
e ect! orp oaCSWEIh] &r IEiIS GBI RE ANk dehase IRIFBRY ¢ CORBisaher

suppl y 1 will now be 25 described. WO 03/073581 PCT/ S&2/ 00031 7

four light emitting diodes (LEDs) 6 with each LED representing a particular level

of charge. A fully charged power supply 1 will have all the LEDs 6 lit. In an

10 alternative, more or fewer LEDs 6 may be used to represent the charging or

discharging status.

Same colour LEDs 6 may be used for the charge indicator 5. In an alternative,
different colour LEDs 6 may be used such that different colours are used to
15 represent different levels of charge. In a further alternative, a graphic display or
any suitable form of display may be used to represent the charging and
discharging status. When charged, the power supply 1 generates an output
voltage Vo to match an input voltage of a load, for example an electronic
device, to which the power supply 1 is connected.
20
Figure 2 shows the internal components of the power supply 1, which
comprises electric cells 7, battery protection units 8, a battery charge controller
9, a discharge controller 11, a charge monitor 10 and a bi-directional voltage
converter 30. The detailed operation of the power supply 1 will now be

25  described.



An AC power adapter 12 converts AC power from a mains power source to DC,
whi ch enters the power supply 1 at node J1. The DC power is then used to
charge elwotmiorsssel | s 7, which provi de an out put voltage YoT&sGoz/howglt he
power 5 supply 1 at node J2 to power the gl ectronic device. A diode D1 is
connected between nodes J1 and J2 to minimse damage to the power supply 1
if a power source of wong polarity is supplied to node J1. The power
supply | further conprises an input detection unit 13 to detect the 10
absence of input DC power at node J1. An exanple of a commercial avail able
i nput det ectAdACupPWer adapierd2oeanverts Mt Pewer frosrRdpails daver spece HpDC,
detection unit 13 controls the battery charge controller 9 and the

di scharge oshichanters ilg poiver supplyt puat made dol Tae 6. pdwet ethen ssed tonput
DC power at node J1, the input detection unit 13 enabl es the discharge

control l er Iharge diéstriowalst7, WehieRnirovideesn Butpit wsitdgeaye émdg/%é poVer
|

converter 30 to supply power fromthe cells . Wien this condition is
detect eds ¢ Ny 4CA RB&DR!tolFoRbrthellbRRRLAR d8\ice PAIAIEAY (1Y B8nnected
controller 9 the sane tinme since there 1s no power available to "charge

the cells 7. If ro4 r . af. then the discharge
controller 1blétYV§Q§in;%§j\tl)glgeJd1 %%%J?E(Z%Qﬁ%%gﬂ@h%ﬂég@ @%rﬁc}%?rl %erpgy iﬁléfg%ﬁgmeéd,
by the 20 insput detecti on I?agt' 13 fﬁr gﬁ&ﬁi Dﬁ the cells 7. Therefore, this
arrangement SQWER PHWEOR RQIBELY,ISRUPRERT #ch- prevents the power supply 1
frombeing used to power the electronic device when the cells are being
charged. This is to prevent the sinultaneous chargi ng and di schargi ng of
the cells 7 which may shorten the life of the cells 7. 25 WO 03/073581
PCT/ SG02/ 000™He power supply 1 further comprises an input detection unit 13 to detect the

10  absence of input DC power at node J1. An example of a commercial available
input detection unit is a LP339 from National Semiconductor. The input
detection unit 13 controls the battery charge controller 9 and the discharge
controller 11, via an output controller 15. If there is no input DC power at node
J1, the input detection unit 13 enables the discharge controller 11 via the output

15 controller 15 to activate the voltage converter 30 to supply power from the cells
7. When this condition is detected, the detection unit 13 also disables the
battery charge controller 9 at the same time since there is no power available to
charge the cells 7. If DC power is present at node J1, then the discharge
controller 11 is disabled and the battery charge controller 9 is enabled, by the

20 input detection un.it 13 for charging the cells 7. Therefore, this arrangement
provides a safety mechanism which prevents the power supply 1 from being
used to power the electronic device when the cells are being charged. This is to
prevent the simultaneous charging and discharging of the cells 7 which may
shorten the life of the cells 7.

25



8 As described earlier, an advantage of the power supply 1 is the ability
to make wuse of the AC power adapter 12 of an el ectronic device to charge
t he cel | sW®.03/0T3385s neans that the power supply | needs toPagsep2/0@3t ange of
i nput DC vol tages since different AC powgr adapters output different DC
voltages. This is 5 achieved by using the battery charge controller 9. The

he. motel ars o8P oBbiery af e ooR S eanainkRl 1 5 fhe #hEBLE reky

charge controller .9 nmopitors the «cell voltage and the current charging the
cel s 7 to &3 P58 N PeIVEs GElapiRtvy PEAN electrame dextoectoychargedbe Bl | er
9 also nonitors the tenperature of the cells 7 10 by neans of a therm stor
R1, so that Cthigrgieagsohat hee quwer supply hhineedsi fo sheeptt anpeagat off lpot DOe
cells 7 goes beyond a predeterm ned threshold or safe range. An exanple of
a conmer ci alVoltamesidinds diffeceriteX@ pohar gelapturs oultpiardiferent BC BEAGERO This is
integrated circuit from Texas instrunent. is The battery charge controller

9 is connectgshibred by L@ingiiwee@ét'téw%g?vg%jaﬁ?oue? B! Biitiet) c%iéé‘c&%fé(rses

an inductor L1, two power MOSFETs , and two rectfifier” diodes (D2,
D3). When chargl t Ld ugl ; ower, adapter 12 . the
Cnductor L1 BaeP AR e RS Joliad, BRGNS of SHEP MRS Sed Gr
boost the input_\yoltage to,a vqlt r ired for charging 20 the cells
2R typ: cal CaBr SRS chPident il A3 BN Gtharte sartioler apeniars the
voltage will depend on the configuration and/or capacity of the electric
cell's 7. | n calhyaltagemng theneurremchaseiag dbe wells e qwtmée:mmltqgeb@mwterﬂ

and 37.8 volts (see below) to charge the electric cells 7. WO 03/073581
PCT/ SG02/ 000X The battery charge controller 9 also monitors the temperature of the cells 7

10 by means of a thermistor R1, so that charging of the cells 7 is halted if the
temperature of the cells 7 goes beyond a predetermined threshold or safe
range. An example of a commercially available battery charge controller 9 is a

BQ24700 integrated circuit from Texas instrument.

15 The battery charge controller 9 is connected to the bi-directional voltage
converter 30 which comprises an inductor L1, two power MOSFETs (Q1, Q2),
and two rectifier diodes (D2, D3). When charging the electric cells 7 using the
AC power adapter 12, the inductor L1, power MOSFET Q1 and diode D2 form a
“boost” converter to boost the input voltage up to a voltage required for charging

20 the cells 7. A typical input range is between 12 and 24 volts and the boosted
voltage will depend on the configuration and/or capacity of the electric cells 7. In
this embodiment, the boosted voltage is typically between 27 and 37.8 volts

(see below) to charge the electric cells 7.



9 The electric cells 7 may be an electrolytic cell such as a dry cell or a
fuel cell. In this enbodinent, nine rechargeable lithiumion prismatic or
pol yner cwDlog/07358r e used, each generating a nom nal volt 2g@/S602/80031 vol t s
to supply a total nomnal voltage of 33.3 volts. However, the actual
voltage of a cell 7 may vary between 5 a mninumvoltage of 3 volts and a

maxi mum vol tage of 4.2 volts epending on the type and ke o he cells
7 her eby. oifeetati Gl 6riy RERR aProlilic pal §uon! B3 sl 72 bl 81 dRe
37.8 volts. An advantage of using lithiumion prismatic or polyner cells 7
i s the abilityjs egbogdhnente nipesrechasgeatle ihiwmtion pismadigmrradymer cels vV rafei cal
lithiumion cells or other conventional cells. Typically, lithiumion to
prismatic oruged,eash generatifg &l somiral yottage afl dahvale tofsupplyi ditotahgomiingler
energy densities, thus enabling themto achieve additional runtine over

ot her  convevdltagradf 3%BIolsoHoweyegthe aciia &olthfie @€ i ¢ei07 may garydtiveénmay
be coupled in series or parallel or a conbination of both to provide a

hi gher out puj nviRinh@aSo8ge df3 ltsBriceA ARbiimBm Poltddatbres. Divalts e&@qagwtnﬂqegﬁi ty

cell may be used to provide the 15 desired output” vol tage Vo.

embodi ment , f(l)'u:étetgﬁ{e S haKS B e Zel%e‘?fafh%?@o@%&?m%ﬁaﬂﬁé ggt%ag %ﬁ@pﬁé&e \fgrlléiﬁg €

Vx of 33.3 v 0 the voltage converter
i nternmedi ate__vol t Vx to t output vaoltage Vq of the. power supply 1. As
described eaPfi&gen oV?ﬁ% aagﬁ%ﬂoﬁgt%@@%%%%é’%wm%nﬁ&@?"%%% Bt ©rand
the nmeans to vary the _output voltage Vo is via the adjustnent switch 14.
The adj ust neR@lY&EIceHs 14is tel ahilityt lneaghieve acslisemet formiadiers as eempargdtto
voltage Vo froma range of voltages by adjusting the position of the
switch to natyindtibal lithiwinried ¢elisuor DEhemicongentimnal tdeds elMyptaatipj tithi@wiion.
The vol tage converter 30, controlled by the discharge
10  prismatic or polymer cells 7 also have the advantage of exhibiting higher energy
densities, thus enabling them to achieve additional runtime over other
conventional cells for any given size. If desired, more cells 7 may be coupled in
series or parallel or a combination of both to provide a higher output voltage Vo.
In an alternative, a single high energy density cell may be used to provide the

15 desired output voltage Vo.

In this embodiment, the electric cells 7 generate a nominal intermediate voltage
Vx of 33.3 volts to the voltage converter 30 which converts the intermediate
voltage Vx to the output voltage Vo of the power supply 1. As described earlier,
20 the desired output voltage Vo is user selectable and the means to vary the
output voltage Vo is via the adjustment switch 14. The adjustment switch 14
allows the user to select the desired output voltage Vo from a range of voltages
by adjusting the position of the switch to match the required input DC voltage of
the electronic device. The voltage converter 30, controlled by the discharge

25 controller 11, then converts the intermediate voltage Vx to the desired output



25 controller 11, then converts the internediate voltage Vx to the desired
out put WD 03/073581 PCT/ S&2/00031 10 voltage Vo in accordance with the
sel ect ed wolosagssst For exanple, if the electronic device PEFHGIZE00AN | nput
DC voltage of 15 volts, the user adjusts fgphe switch 14 to a position that
corresponds to an output voltage Vo of 15 volts. This selection is

recei ved by i g I ich in turn cantrols the .
convert er 306@%9%03@;% ?%@?{}%'ﬁ%r n@m ;tf‘%mg%'ﬁf’%e" a49-0 MO8 XAMBIey s'?ttﬁean
output voltage Vo of 15 volts to po he el ecironi c device. Therefore,
dur !Ong di sch@gﬁﬁrwﬂ? C{Wéc%'éﬁq“gﬁé‘ %E\P\beé valiage 9% e Yol§. theeusercriiusts thel,
MOSFET 2 and diode D3, is perform ng as a "buck" converter to convert 1o
the int er mediWitch t419 apositipgehek cersesnandsde @moutput vajmged/o Bhe5 volts afisis Vo,
Bur i ng i scieleglamgis téoebikbdneelisaimrae controler  Sovien o5 tamdoomrbis ahs | h
ring dis i gdai g®Icbatro ieh &% taimdcdMmrdls dhe t ne
out put voltage Vo in accordance with the desired output voltage Vo preset

by the adj usinverter 30itbconiért b mieihedatofoltye VR ot 335 %l%%h@?hhﬂﬂﬁ the

cell current 15 via a current nonitor 16 arranged in series wt e'cells

7 to detect \@kag@WES bP#slVBMs &pqg\;\,%} %‘ﬁl@@tr&%‘i?%\/ﬁepf a discharge controller

11 which can be™ used is TL500 rom Texas I nstrufment. Capacitors Cl and
C2 are arranged to reduce the voltage ripple caused by 20 pulsating
currents that are present at the input and output of the voltage converter

30. In an alter n&tﬁiv to the agldf_ust ment switch 14, an auto-detect circuitry
may be used N8ffer fWing discharding. daeiveliage copventer3e.dormed hyvibe isdpptoy 1,

the circuitry , .
L1, MOSFET Q2 and diode D3, is performing as a “buck” converter to convert

10 the intermediate cell voltage Vx to the output voltage Vo. The voltage Vo, preset
by the adjustment switch 14, is typically between 12 and 24 volts. During
discharging, the discharge controller 11 regulates and monitors the output
voltage Vo in accordance with the desired output voltage Vo preset by the
adjustment switch 14. The discharge controller 11 also monitors the cell current

15 via a current monitor 16 arranged in series with the cells 7 to detect an
overloading condition. An example of a discharge controller 11 which can be

used is TL5001A from Texas Instrument.

Capacitors C1 and C2 are arranged to reduce the voltage ripple caused by
20 pulsating currents that are present at the input and output of the voltage

converter 30.

In an alternative to the adjustment switch 14, an auto-detect circuitry may be
used. When the electronic device is coupled to the power supply 1, the circuitry

25  auto-detects the required DC input voltage of the connected electronic device



25 auto-detects the required DC input voltage of the connected el ectronic
devi ce WO 03/073581 PCT/ S&2/00031 11 and automatically converts the

i nt er mediaDa3podstage Vx fromthe cells 7 to the requiredPoltSeG0e/000dit age
Vo. In this case, there is no need for usgr intervention and thus omts
the need for the adjustnent switch 14. 5 Battery protection units 8 protect
the cells 7 fromover.chargi ng or, over- discharging, and m nim se_danmage to
the cells 7 %‘gﬁugo@ﬂg?%]ﬁ'cg?@%r@ tg@c’ﬂ{%’me%@ﬁ’qﬂﬁggc\éﬁ frony thg gells, i) tp the
charged, the batter rotection units 8 cut off the charging current to
the cells 7 WUHPQ\%HBUBV@'FH%XPQWHI'S carocthess Js narged fos useslinterverdioa
drained to a predeterm ned charge level, the battery protection units 10 8
stop any furam@thusi @oitathe need fordheeldjisstment wiich ddt put of the cells 7 is
shorted, the battery protection units 8 also stop any further charging or
di scharging of the <cells 7. A typical off-the-shelf protection unit 8 is a
Maxi m MAX1665X battery pack protector which can performthe above tasks.

13, 1 pe Y Debatien: bRIbEon UTIRCE: BRRCLOME Sdisom B 'JBHonARIES IODR |

13, the test/start switch 17 and e current nonitor

present at ] .ect. e .l pput _detection upit 13, .depressing
t he test/sta@? a?%'énhgdﬂaﬁﬁm&@ﬁé%jggﬁ%d‘éc%gges C?ﬁ% oWE‘ﬁﬂta éEHFTCHPP@rO %0
enabl e the dij,scharge optroller 11 either for approximately one second or
until a di sf:\hlz'ﬁae{h%u%'ﬁ% S BYY fSuge ﬁ'@y[’?ﬁ%WCB'iqt%‘ﬁlonrrﬁﬂhQ & cutsoff the
power supply 1 is in a "test" node. This allows the output controller 15
to test if hasgBeswient tadbpgelsy toRrayent @verchaigingiCenvensslpuwpeh the

current. If no current is being drawn, which signifies that there is no
| oad, the dicallsat gee dfainée twal pred@termirteal theatge llavéihine batierytoretelition units

10 8 stop any further discharge of the cells 7. If an output of the cells 7 is shorted,
the battery protection units 8 also stop any further charging or discharging of the
cells 7. A typical off-the-shelf protection unit 8 is a Maxim MAX1665X battery

pack protector which can perform the above tasks.

15 The output controller 15 receives inputs from the input detection unit 13, the
test/start switch 17 and the current monitor 16. If no DC power is present at
node J1, as detected by the input detection unit 13, depressing the test/start
switch 17 momentarily causes the output controller 15 to enable the discharge
controller 11 either for approximately one second or until a discharge current is

20  detected by the current monitor 16. The power supply 1 is in a “test” mode. This
allows the output controller 15 to test if an electronic device is connected by
checking the output current. If no current is being drawn, which signifies that
there is no load, the discharge of the cells 7 is halted. In this way, the bi-
directional converter 30 is prevented from “running” when no DC power is

25 present at node J1 and when no load is connected to the power supply 1.



directional converter 30 is prevented from "runni ng" when no DC power is 25
present at node J1 and when no load is connected to the power supply 1. WO
03/ 07358IWB@3h&38L/ 00031 12 Therefore, during a period ofPCHiS&uz@00dr when
not coupled to an el ectronic device, anydischarge of the cells 7 is
reduced. An exanple of an output controller 15 which perforns the above

tasks is a 339 . from National . Sem conductor, 5 The di scharge current is
det ect ed byLﬁF'PereM?r NeoAi ?gfof@wa‘ﬁﬁu%ﬂ o5 When &ﬁr%‘pﬁ%ﬁpt@? alectEprict he
charge status or run-tinme of the cells 7 will be displayed via the charge
i ndi cat or 5.deies,efBY dischasgesefi e CrbS t7edg redugad.sint exampleephisinesutpuie
charge indicator 5 which allows the user to check the run-tinme of the cells
7 to wi t houtcantellaeeth twhichnpedormsethaCapover taskisipisen LP3BO fiben algiidrizini c
device. The test/start switch 17 al so serves a second purpose of manually
starting theSemivopdustepply 1. | f the AC power adapter 12 is connected to
supply DC power to node JI or when the electronic device is connected to

the powers supply 1, 15 depressing the test/start switch 17 starts the power
supply 1. This activates the voltage converter 30 to either charge or

di scharge t t ni.c device., Simlarly, the
run-ti me of hﬁ%&%éﬁ?é%&rgéﬁﬁ%Skgﬁéﬁféﬁaéguﬂ r%'ﬂtalﬁSQﬁqrnﬁﬁgg @?qu%elﬁ}ﬂrggsi ng
the test/start swifch 17 again when the power supply 1 has started has no
ef fect on tH’BOB'fﬁ?rp{ff a@éﬁ’t‘?%ﬁ?&‘}e giatuspr "Fﬁ'bt"é‘ﬁaﬁfdﬁe icﬁﬁﬁi daWilrbesdisplayedsviiag
the four LEDs 6 is coupled to the charge

the charge indicator 5. Therefore, depressing the test/start switch 17 enables

the charge indicator 5 which allows the user to check the run-time of the cells 7

10 without the need to connect the AC power adapter 12 or the electronic device.

The test/start switch 17 also serves a second purpose of manually starting the
power supply 1. If the AC power adapter 12 is connected to supply DC power to
node J1 or when the electronic device is connected to the power supply 1,

15 depressing the test/start switch 17 starts the power supply 1. This activates the
voltage converter 30 to either charge or discharge the cells 7 to power the
electronic device. Similarly, the run-time of the cells 7 is displayed on the
charge indicator 5. Depressing the test/start switch 17 again when the power
supply 1 has started has no effect on the output controliler 15.

20
The charge indicator 5 comprising the four LEDs 6 is coupled to the charge
monitor 10 and provides an indication to the user of the charging/discharging
status or run-time 6f the cells 7. The charge monitor 10 detects the current flow
during the charging and discharging process and provides the run-time left in

25 the cells 7. This information is displayed by the charge indicator 5 via the four



nmoni tor 10 and provides an indication to the user of the

chargi ng/ di scharging status or run-tine of the cells 7. The charge nonitor
10 det ectwotoh®73serrent flow during the charging and di sciremrgGogo@socess
and provides the run-tine left in 25 thegells 7. This information is

di spl ayed by the charge indicator 5 via the four WO 03/ 073581

PCT/ SG02/ 00 e le of a c rci al avail abl e charge
nmonitor is g‘%%@@ﬁ 1?_"?( 8@“’?@&43%551’?%%@"#%@% rgg: MPRISt @hgl@?zgﬁ%
connect ed ir} series vi/ith the LEDs 6 so that the 5 current is not normally
drawn from tIFRIMJIEXES SYWNEOLh the LEDs 6 during periods of disuse, which
may otherwi se drain the cells 7. The test/start switch 17 is also wused to
activate the discharge controller 11 to power the |oad, as described
earlier. The power supply 1 may al so include a sound generation device

which is cdlle destistart ewitthan §ds neorinicetedLth serigen@ttiie 4 FOs!Hd BBt the
charge level 10 of the power supply 1 falls below a threshold level. This

acts as a wajutehd id Aot Mermalyairawh e tlﬁ@&élﬁ‘ﬂ%u%ﬁ‘é@é Lg(?ﬁp%'u?@;iﬁ%?aﬂﬁﬁst he

use of the power supply 1.t0 power or charge a la
connector 18&yi {3 f } et .o 5 the
| apt op corrp%ztf@f{rPé l?f Q&E&hl e@QEBMF%@@ﬁ tﬁr%é%l'%%!ﬁgg%sft?sgs%ﬁf’v'tpbﬂgg'scﬁls? nput
sockets, changeabpl e connector.s 18 having di fferent di nensions and polarity
Co fit the WH uécwﬁﬁﬁso%ﬁ@aaggwrﬁ%"sv 3 tgoRowey the e, apiescrRRl s
i ntroduced which uses a different type of input socket, the user sinply
uses a cor EERINdNRPIRIHEHRYY 1183y @lassiactude @ sarnd geperation dévibe wigchmew
| aptop 20 nodel .
is coupled to the charge monitor 10 to generate a sound when the charge level
10 of the power supply 1 falls below a threshold level. This acts as a warning to the

user of the low charge level.

Figure 3 shows the use of the power supply 1 to power or charge a laptop
computer 21. A connector 18 interfaces the output plug 4 to an input socket of
15 the laptop computer 21. As different laptop models use different types of input
sockets, changeable connectors 18 having different dimensions and polarity to
fit the various input sockets may be provided. If a new laptop model is
introduced which uses a different type of input socket, the user simply uses a
corresponding connector 18 to use the power supply 1 with the new laptop

20 model.

The output voltage Vo of the power supply 1 is adapted to match an input
voltage of the laptop computer 21. As described, the means to vary the output
voltage Vo may be via the switch 14 and adjusting the position of the switch 14

25 varies the output voltage Vo. The user thus selects the required output voltage



The out put voltage Vo of the power supply 1 is adapted to match an i nput
vol tage of the |aptop conmputer 21. As described, the neans to vary the

out put wWIbDtlages¥ may be via the switch 14 and adj usti ng PCASGo8iosi on of
the switch 14 25 varies the output voltage Vo. The user thus selects the
requi red out put voltage V\D 03/ 073581 PCT/ SG&02/ 00031 14 Vo in accordance

with the in ut 21 t he sition
of the sui tcro 1 2ehERREE fHF e’ ﬁ%ﬁﬁggﬁ%@’ﬁpaﬁ@w fP%oce@bpg e oy ipfitng
vol t age and erefPre at Vgg%ho vol tages, for exanple 15V, 16V, 17V,
18V and 20V HEyPERIIR &fithe 44y dypics b"g’f |@IW9PU§‘@?‘PU 2k éceeptson BC
range nmay be factory preset or custonm sed to each user's requirenent.

Typi cal |y, tiRBUk¥plage andr tiegeforeca uaage tafeDCnynltages, Yo exgmplefl SpoHENGr
laptop conputers 21 in the respective |aptop markets. An advantage of

usi ng changetV,e18raret LOVsmby bepravided ifablseleatibh Wy tY UBEE TH s¥RciBhCH
adapts to different |aptop nodels 21 is that the power supply 1 is not

restricted tr@ngepﬁféy G &éct@%k%r@éemebuﬁﬁrrﬁ’séoa%ogaéﬁ”@é@r‘%r r@%uw{r}ﬂ{eﬁt

saves cost and adds to the flexibility of using the power supply

power or char K GOIR nodel .
15 The power uppﬁ,I ftqésélétc Iéﬁ? hﬁgecorrpdr{%sggh%aﬁ’ %ghﬁ% &98 H‘S’E?I@Rt
switch 14 tg i dent ni nt i onal adjustnment. The

mechani sm rra%?'ﬁaé& Eslléﬁ r?ﬁbetreﬁafgg\f%%ﬁf‘)po@af Sswitch 14 is only possible if
the switch 14 is depressed at the sane tine the adjustnment of the switch
14 is being carried out. -Therefore, the risk of the power supply 1

providing an incorrect output voltage 20 Vo to the |aptop conputer 21 is
nmi ni ni sed. An advantage of using changeable connectors 18 and a variable output voltage

10 Vo which adapts to different laptop models 21 is that the power supply 1 is not
restricted to a particular make or model of a laptop computer 21. This saves
cost and adds to the flexibility of using the power supply 1 to power or charge

different laptop computers 21 regardless of make or model.

15 The power supply 1 may further comprise a lock mechanism to lock the switch
14 to minimise accidental or unintentional adjustment. The mechanism may be
such that adjustment of the switch 14 is only possible if the ;switch 14 is
depressed at the same time the adjustment of the switch 14 is being carried out.
Therefore, the risk of the power supply 1 providing an incorrect output voltage

20 Vo to the laptop computer 21 is minimised.

The power supply 1 may be recharged using the AC power adapter 12. In this
embodiment, the laptop computer's AC power adapter 12 is being used to
convert an AC voltage from a mains power source to a DC voltage to charge

25 the power supply 1. Therefore, an input connector 20 is provided to couple plug



The power supply I may be recharged using the AC power adapter 12. In this
enbodi nent, the |aptop conputer's AC power adapter 12 is being used to
convert awOAG0VIsBt age from a mai ns power source to a DC vecCTrsge2n@3char ge
25 the power supply 1. Therefore, an inpuis connector 20 is provided to
coupl e plug WO 03/073581 PCT/ SG02/ 00031 15 19 of the adapter *12 to the

| nput socket &. ¢ WARRIN e. AC po adapter 12 of t | apt op
conputer 21 9 §s&ﬁ#eté¢1égd%f g}se ﬂ&?@?&gg‘s&t ‘)g?a—g?r%)”é{nt& Hes ?I?J% RRYERSt er
12 and t hus enhanc iljty and reduces | oad. The connector 20 is al so
changeabl e t%d%%ﬁbﬁit‘gp%ef 458¥%P°mptfg%‘ 2.L§ obvialgs the aged gendhe gsaripoeary 12.
Alternatively, the power suppl%;Ql maafI be equipped with its own AC power
adapter 12 viiethebrpwer adapiriet? and thhe anhsuces snekitityoand tedutesadadniTage of
such a configuration is that the power supply | can be separately charged

wi t hout the cmuwcter Abisnalsd changémble dpadpptiondiffemnt plugs 1P ofdiglerdritgapmer
supply 1 is fully charged, as indicated by the charge indicator 5, the user

merely disscondugstess 1AcAIRMELVSIYRAEY ol sUFbiyE mMEY BS cBANPEdSA ﬁ@PmmnA?Ct he

power supply 1 is ready for use. In addition to Being an universal power

Suppl Y 4! oo addtbr 1 uitidh BiRlne hectid8! M8 (AOTPUIRRd by | he POWeT

supply 1 al so has uni que sl ousi ng for and
transportation. The slim shape allows a nobile user to store the power
supply I with ease simlar to a nagazine in the user's carrier bag. In
this enbodi n&nt a rectangul ar shag? Is showmn (in Figure 1) but it wll be
appar ent t o ‘a0 s¥Vankage Sigekch @ crBfigyratioRe Hiakethes payes supplyod ¢avdbeo
20 facilitate ease of storage, portability or transportation of the power
supply 1.  separately charged without the need fo connect to the laptop computer 21.

10 Once the power supply 1 is fully charged, as indicated by the charge indicator 5,

the user merely disconnects the power supply 1 from the mains power source

and the power supply 1 is ready for use.

In addition to being an universal power supply which can adapt to different
15 laptop computers 21, the power supply 1 also has an unique slim housing for
ease of storage and transportation. The slim shape allows a mobile user to
store the power supply 1 with ease similar to a magazine in the user's carrier
bag. In this embodiment, a rectangular shape is shown (in Figure 1) but it will be
apparent to a skilled reader in the art that other shapes may be used to

20 facilitate ease of storage, portability or transportation of the power supply 1.

The power supply 1 may be used for twoapurposes either as a charger and/or
power supply. When the battery pack in the laptop computer 21 is drained and
requires recharging, the user may use the power supply 1 instead of searching

25 for an AC mains power source. The user selects the desired output voltage Vo



The power supply 1 nay be used for two purposes either as a charger and/or
power supply. Wen the battery pack in the |aptop conputer 21 is drained
and requwpas/orasehar gi ng, the user may use the power supplPgTEGonstand of
searching 25 for an AC mai ns power sourcei6 The user selects the desired
out put vol tage Vo WO 03/073581 PCT/ SG02/ 00031 16 via the voltage

BC vol tage ortt e /Phags st ReHE B R otk By G YR BNE it Breshsndbiibo.
vol t ag _

t, t ower supply | into the
ool B2 7o DR RaEBE 3 R eR b 2 SR Sanrl b obnaciet Bguer
supply 1 is that there is no need for the user to power down the laptop 21
whi ch ot herijé%ﬁtenglugsderaﬁﬁ? deBedthepuser mayresmnget thaxpowensuppipri beod tteey
pack if there i%a&nlyﬁgjg;&bgf;thegwbay inmlt*heﬁ_lmapthpp corrpu{ ﬁr 21 agd E:gﬁ
user is awaynpy d@c ] £ dapiop commeder this way, the user lo
conti nue toywork on the laptop conputer 21 with m ni mum i nconveni ence or

interruption. The power supply 1, in this node, will function primarily as
a charging neans to charge the battery pack and at the sane tinme power the

| apt op conpireradantale Of HeY B@\%V%hypl 8s YRS tHERY i§ %ggge{ji g%lr ﬁgﬁgﬁ}et‘]eomr

battery pack or not use the batter ack fromI t h?oouco ter 2 in this
SUPPl Y1 s BOWRIRIGR o BRNSS 2 SR ol RSB RULE A et
laptop compypgr ar%c}thre?bgﬁ(raryt 5‘5‘& iF Hershe only She baft rg)lsbeasﬂi in the laptop computer
21 and the user is away from an AC mains power source. In this way, the user
10 can continue to work on the laptop computer 21 with minimum inconvenience or
interruption. The power supply 1, in this mode, will function primarily as a
charging means to charge the battery pack and at the same time power the

laptop computer 21.

15 Alternatively, the user may choose to remove the battery pack or not use the
battery pack from the outset and use the power supply 1 as the primary power
supply for the laptop computer 21. In this way, the power supply 1 performs the
function of supplying power to the laptop computer 21 rather than for charging
purposes.

20
During use, the power supply 1 fits neatly underneath the laptop computer 21
and thus frees up working space. The surface of the power supply 1 may be
made of micro-grooved polymer or polyethylene which eliminates slippage and
thus provides better grip and support for the laptop computer 21. Alternatively, If

.25 an external mouse is used, the power supply 1 can be placed beside the laptop



20 During use, the power supply 1 fits neatly underneath the | aptop
conputer 21 and thus frees up working space. The surface of the power
supply | wey3sbpesstmade of nmicro-grooved pol yner or pol yet hpCerseonmiosh

el imnates slippage and thus provides betiter grip and support for the

| apt op conputer 21. Alternatively, If .25 an external nouse is used, the

power supply, i e 03/0,/73581 PCT/ SQ)2 80031
17 conputer %dlmgﬁ%r%e%(ﬁr a?:lgﬁ%#éjﬁy%p%&mg& gw; ‘iéegs%%laa@oﬂs?nf?%elr 8d.
The material on.the surface thus inproves the grip and traction of the
nouse bal | rg\ggq{laito ﬁ‘ﬁsﬁﬁ%%ee @g@'_ovgs %Qﬁ@e@”cﬁﬁﬁ'ﬁ'@? ofithe rppdse &adl of
the charging or charge status of the cells via the voltage indicator 5. If
the power supfryatifasEmeysa speedscharger to charge the laptop's battery
pack, the user can nonitor the charging progress via the |aptop's power

managenent system Once the battery pack of the laptop conputer 21 is
fully charged, the power supply 1 may be di sconnected and the 1o renaining

charge can BEheiaedr monitbrs (e Sroghsssesf tABBHaeginglor Charil StafleY bEfhe cells via
Al ternatively, the power supply | may remai n connected and used to power

the |aptop tpeRHbEE ifdicatbe 5}/\@ tﬁé[&@%‘lﬁpgﬁr‘f n%;@%éc?ggﬁlcha}g?go:%%ge]thep‘

power supply conprising an electric cel a 0 gener
laptop’s battery pack, the user can monitor the charging progress via the

laptop’s power management system. Once the battery pack of the laptop
computer 21 is fully charged, the power supply 1 may be disconnected and the
100 remaining charge can be used to charge or power another electronic device.

Alternatively, the power supply 1 may remain connected and used to power the

laptop computer 21.

15



s intermedi ate voltage, and vol tage conversi on neans coupled to the
electric cell, the voltage conversion neans converting the internedi ate
vol t age twoan/omssput vol tage, wherein the conversi on nmean®CrGGR/HEIE

adj ustnent neans to vary the output voltdge. 10 2. A power supply according
to claim1, wherein the adjustnent neans conprises a manual swtch. 3. A
power supply according to claim1 or 2, further conprising neans to | ock
the switch. 15 4. A power supply according to claim1, wherein the

adj ust rent means conprises detection Qﬂﬁsto detect an input voltage of
an electronic device coupled to the output voltage, in use. 20 5. A power
supply according to any of the preceding clains, wherein the electric cel
is rechargeable. 6. A power supply according to claimb5, further conprising
charging nmeans coupled to the electric cell to charge the electric cell.
25 WD 03/ 073581 QY2 Uy 1comprising samp Rlestris ugsll wranged diongenerate aams 6,
wherein the charging neans is adapted to receive a plurality of input

vol tages5 8. A ponermedigié yveltager dinty voliage atorwebsion heansecaiplet e the
charging means 5 further conprises neans to nonitor chargi ng or charge
status of the elaedtriccetighhe voltage conversion means converting the intermediate

voltage to an output voltage, wherein the conversion means comprises

adjustment means to vary the output voltage.

0 2. A power supply according to claim 1, wherein the adjustment means

comprises a manual switch.

3. A power supply according to claim 1 or 2, further comprising means to
lock the switch.
15
4. A power supply according to claim 1, wherein the adjustment means
comprises detection means to detect an input voltage of an electronic

device coupled to the output voltage, in use.

20 5. A power supply according to any of the preceding claims, wherein the

electric cell is rechargeable.

6. A power supply according to claim 5, further comprising charging means
coupled to the electric cell to charge the electric cell.

25



9. A power supply according to claim@8, further conprising a visual display
device for displaying the charging or charge status of the electric cell.
10 10. A wowatn738pply according to claim9, wherein the viPESTsiGoh®pl ay
device conprises a light emtting devicd211. A power supply according to
claim 10, wherein the visual display device 15 conprises a plurality of
l'ight emtti?ag devipossr Mag 1 i i i m
10, wherein the visual %@ﬁ“ay%@&?gﬁéw?ﬁ'ﬁ?f@g‘é’@%? g@%?@%@gﬂﬁéa%gé 13.
A power supply a i | clains 9 to 12, wherein

t he visual displ %&%Bfe%c.ﬂg)extélégﬁlaéé P@é%lggoﬂﬁy%ﬁg%% 14. A power supply
according to any of the preceding clains, wherein the voltage conversion
nmeans is activated by a switch. WO 03/073581 PCT/ S@G2/ 00031 20 15. A power
supply according to any of the preceding clains, further conprising a
sound genergti on'AHBWV@\éSHHP'é’r?qC@" BYito Saiasvih&n 7t whereindbe chergiegimeanat a
predeterm ned charge level. 5 16. A power supply according to any of the
precedi ng cl ai nsfu r EPMPfIRes ragans o onawrildr charging dhidnargestatek! of e A
power supply according to any of the preceding clains, further conprising
a nunber of el eceladricetll.,s. 10 18. A power supply according to any of the
precedi ng clainms, further

9. A power supply according to claim 8, further comprising a visual display

device for displaying the charging or charge status of the electric cell.

10
10. A power supply according to claim 9, wherein the visual display device
comprises a light emitting device
11. A power supply according to claim 10, wherein the visual display device
15 comprises a plurality of light emitting devices.

12. A power supply according to claim 9 or claim 10, wherein the visual

display device comprises a graphic display.

20 13. A power supply according to any of the preceding claims 9 to 12, wherein

the visual display device is activated by a switch.

14. A power supply according to any of the preceding claims, wherein the

voltage conversion means is activated by a switch.



conprising a housing. 19. A power supply according to claim 18, wherein the
housing is relatively 15 thin conpared to other dinensions of the housing.
20. A houwprng/oaxseprding to claim 18 or claim19, wherein rog/Sshap@3of the
housing is rectangular. 20 21. A power supply according to any of the
precedi ng clains, wherein the voltage conversion neans is a DC-DC vol t age

converter. 2 A RO u LAg of. t dj cl ai
further conf)sr'i si'ﬁgwﬁ@git%a{%w g%&%régihg ¥%%rr@3é£e{h&i ?g%%aglﬁigélgﬁn%hgur{?ér
electric cell 25c6’\r4115rr|]siP18t aC(sjcl)JLIJOrlloe dgetn%raatlr})neldee%}creor\}\}hclchdelg ! accscivated when the

electric cell is at a predetermined charge level.

5 16. A power supply according to any of the preceding claims, wherein the

electric cell is a lithium-ion cell.

17. A power supply according to any of the preceding claims, further
comprising a number of electric cells.
10
18. A power supply according to any of the preceding claims, further

comprising a housing.

19. A power supply according to claim 18, wherein the housing is relatively

15 thin compared to other dimensions of the housing.

20. A housing according to claim 18 or claim 19, wherein the shape of the

housing is rectangular.

20 21. A power supply according to any of the preceding claims, wherein the

voltage conversion means is a DC-DC voltage converter.

22. A power supply according to any of the preceding claims, further
comprising deactivation means to reduce discharging of the electric cell

25 when not coupled to an electronic device.



