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Power converters are becoming a hot topic with ever increasing electronic devices that require

clean DC power. Industry today is aiming at providing AC-DC adapters with small form factors

for portable applications like notebook chargers, phone chargers, and the like. The power

densities of devices are improving constantly. The improvement in technology and availability of

more power efficient devices has led to a tremendous improvement in AC-DC conversion

efficiency and size of the converters.

A typical method for performing AC to DC conversion uses linear converters. Linear converters
step down the voltage using a transformer and regulate the output voltage with a regulator. This
architecture may suffer from low efficiency. Additionally, the necessary size of a transformer for

systems operating at a line frequency of SOHz-60Hz is too large for portable applications.

A second typical method for performing AC to DC conversion uses switch mode power supplies.
Switch mode power supplies, have found a huge market because of their small form factor and
high efficiency which make them suitable for portable applications. However, switched mode
power supplies have undesirable non-linear characteristics that may introduce harmonics and

power factor problems.

SUMMARY OF THE INVENTION

An alternating current/direct current (AC/DC) low voltage power supply device is disclosed. The

device includes a stepping down unit for stepping down voltage provided by an electric power



2 source up to a predeterm ned value. The stepping down unit includes a
switch for connecting or disconnecting an energy storage device or a |oad
devi ce t ovano®ieioectri cal source. BRI EF DESCRI PTI ON OF PCHELIDRAWOBGS Fig. 1
is a graphical representation of input AC voltage and sanpl ed pul ses; Fig.
2 is an exanple schematic diagram of AC- DC conversion; Fig. 3 is a
schemati c di agram of an exanple power supply; Fig. 4 is a graphical
representation of the neasured waveforns of rectified and output voltages;
Fig. 5 is a graphical representati on of dependence of device efficiency on
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DETAILED DESCRIPTION OF THE INVENTION

In order to meet various international regulations and standards, a two stage architecture may be
required, such as a power factor correction (PFC) stage followed by a DC-DC stage. This
approach, while being successful, increases the complexity of the system due to the two control
loops. A two stage approach mostly uses a boost PFC circuit for the first stage, due to good PFC
capability and high efficiency provided by this circuit. The consequence of using it in the first
stage, however, is the high voltage output which requires a capacitor with high voltage rating

resulting in increase in size and cost.

A single stage architecture combines the PFC and DC-DC stage into a single stage, reducing the
control complexity. The PFC correction can also be done without a bridge rectifier. Additionally,

a single stage approach provides a less complex solution resulting in size reduction.

Another single stage converter application may utilize PFC in DCM mode to obtain PFC
correction and may obtain a regulated output DC voltage using a fly back converter controlled by
a single switch. This type of converter may include a two transistor clamped fly back converter

integrated with a boost PFC as a single stage converter.



3 The architectures di scussed above use a boost PFC, require a good quality
boost inductor, an additional inductor or transfornmer, and a bridge
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converter, the control loop must be designed with care to avoid instability.

The architectures above aim to achieve high efficiency while lowering the first stage voltage,
thereby reducing the component sizes in successive stages. A disadvantage of the architectures

may be an increased size due to the use of more inductors.

An additional architecture may include a rectifier, a switching device, and an output capacitor.
The architecture rectifies and chops an input AC wave with a switch. The switch connects the
input to the capacitor only when the input voltage is lower than a required voltage thereby
limiting the voltage swing seen by the first stage capacitor and allowing the capacitor to have a
lower voltage rating and size. This architecture may not provide electrical isolation and may
generate harmonic distortion of current. Since the input is directly chopped, the current

harmonics may be high and may require additional filtering to meet harmonic standards.

The power of electric current is defined by the following equation:



where / is a current across a load and Uis a voltage applied to the |oad.
In the case of varying voltage and current, the average power 17' is given
by whewe 2ore/amm2i n are i nstantaneous val ues of the vecragpianweaiurrent,
respectively. The values un and in are neasured with a predeterm ned
measur enent pitch. The anal ogous val ugs are digitalized by an

anal og-digital converter and nultiplied together to obtain the average
power P Reference is now nade to Fig. 1, presenting graphs of nmin voltage
U A sanpling elenment of an AC/ DC | ow vol t age power supply device is
configured for connecting the |oad device to an electrical power source
when a voltage therein is in a predeterm ned range and di sconnecting said
| oad devfééﬂgnon1the el ectrical power source when said volt agEqidion (1)
out-of-range. In other words, the voltage is applied to the | oad when the
voltage in the power source is within the predeterm ned range. The voltage
may be applied to the load only when the voltage in the power source is
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for charging any accunul ati ng el ement or device such as a capacitor or an
accurul ator cell. A goal of the current technical solution is to achieve a
smal | formfgctor and efficient transfornerless AC-DC conversion over a

w de DCth_b voltage range from1.5V to 48V with a maxi mum power rating

of 100W Addidg onally, a front-end harnonics filter nmay be desireable to
reduce EMCJEM effects due to the choppy nature of sw tching gqﬁﬁ“@ﬁ%h of

the AC soqurce to the | oad. .
where u, and i, are instantaneous values of the voltage and current, respectively. The values u,

and i, are measured with a predetermined measurement pitch. The analogous values are

digitalized by an analog-digital converter and multiplied together to obtain the average power P .

Reference is now made to Fig. 1, presenting graphs of main voltage U. A sampling element of an
AC/DC low voltage power supply device is configured for connecting the load device to an
electrical power source when a voltage therein is in a predetermined range and disconnecting said
load device from the electrical power source when said voltage is out-of-range. In other words,
the voltage is applied to the load when the voltage in the power source is within the
predetermined range. The voltage may be applied to the load only when the voltage in the power
source is within the predetermined range and the voltage may be disconnected from the load
when the voltage is outside of the predetermined range. Thus, at the output, the AC/DC low
voltage power supply device provides a train of energetic impulses £ of a predetermined
amplitude. The impulses can be used for charging any accumulating element or device such as a

capacitor or an accumulator cell.

A goal of the current technical solution is to achieve a small form-factor and efficient
transformerless AC-DC conversion over a wide DC output voltage range from 1.5V to 48V with
a maximum power rating of 100W. Additionally, a front-end harmonics filter may be desireable
to reduce EMC/EMI effects due to the choppy nature of switching a portion of the AC source to
the load.



Fig. 2 is an exanple transfornerless AC-DC converter. The exenplary
converter nonitors the high voltage AC i nput and passes only a | ow voltage
porti on oloaouiploet e AC vol tage waveformto the DC DC eQmaEr€000661
generate a stable DC supply source. A controller will continuously nonitor
the AC input, which could occasionally have a phase shift due to sw tching
on/off of transfornmers in a power grid, and the controller will control a
switch through a pul sed signal (as shown in Fig. 2 by "Pulse width to pass
AC VP") to pass only the | ower voltage portion of an AC signal (as
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resi st adé®" provides an efficiency of nore than 89%for rmst Ioad
conditions. Figure 5 clearly shows the drop in efficiency with an increase
in MOSFET "on resistance”". A MOSFET with a | ow "on resistance" my be
chosen for the first stage to mnimze switching | osses. Al so, the
rectifier mght be chosen to mnimze |osses. An EM filter may be used in
concert to attenuate harnonic currents resulting from chopping the input.
Al so, in applications where isolation is primary concern, a fly back dc-dc
converter may be used in the second stage to provide transfornmer isolation
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7 The power supply described above can be used for energizing a | ow vol tage
| oad such as an LED light, a tel ephone, a PDA, a canera, a conputer, a
rechar geavbeobemime, or any other suitable | ow voltage aeviicmii/bdocomy be
noted that the power supply described above nmay provide mnimal (about 5%

| osses. Enbodinments: 1. An alternatipgg current/direct current (AC/ DC) |ow
vol tage power supply device connectable to a load. 2. The device of

enbodi ment 1, further conprising a stepping down unit for stepping down

vol t age prOV|ded by an el ectric power source up to a predeterm ned val ue.
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| oad device to°an ectrical source at a perio the AC
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a predetermned value. 6. A device as in any recedlng)enbodlnent wher ei n

a swi t chimulaiemresyliy efl the appyvefinst sage) usine rLE apige weast eggbormed |fexpivo wdiffgrenthan
a pr edetl\%glb@leqnd/d%lsy%ne with an rds on (“on resistance”) of 30 milliohms (mQ) and another

MOSFET with an rds on of 300 mQ2.

Fig 4 shows experimental curves of waveforms obtained at the first stage output with 10x

attenuation (upper curve) and at the dc-dc output (lower curve).

The DC-DC output has been set to 10 volts and the first stage minimum voltage was set at more

than 20 volts. A clean DC signal of 10.5 volts with very low ripple at the output was obtained.

Fig. 5 shows a graph of the efficiency of the first stage with respect to output power for two
different values of MOSFET “on resistance”. A MOSFET of 30 mQ “on resistance” provides an
efficiency of more than 89% for most load conditions. Figure 5 clearly shows the drop in
efficiency with an increase in MOSFET “on resistance”. A MOSFET with a low “on resistance”
may be chosen for the first stage to minimize switching losses. Also, the rectifier might be chosen
to minimize losses. An EMI filter may be used in concert to attenuate harmonic currents resulting
from chopping the input. Also, in applications where isolation is primary concern, a fly back dc-
dc converter may be used in the second stage to provide transformer isolation instead of a simple

buck converter.

Fig 6 depicts various waveforms associated with the exemplary system depicted in Figure 3.
Input AC voltage 310 is sampled when the AC voltage achieves a predetermined value. Obtained
pulses 320 charge the capacitor 220 of the device of Fig. 3. The controller 140 is preprogrammed
to keep a voltage 300 at the capacitor substantially constant. In one embodiment, the controller
140 may actuate the switch 145 when the voltage 300 is below a predetermined value (for
example, 1.5, 6,9, 12,24 V or any other voltage appropriate for the particular implementation).
The converter may automatically drop into a standby state when there is no energy consumption

by the load and provide the predetermined voltage to the load as needed.



7. A device as in any precedi ng enbodi nent further conprising a controller
configured for controlling a swtch such that said switch is open when a
vol t age awoaidhiemwer gy storage device is equal or hi gherctrthemi #0601
predeterm ned value. 8. A device as in any precedi ng enbodi nent further
conprising a controller configured for controlling a switch such that said
swtch is closed when said voltage is | ower than said predeterm ned val ue.
8 9. Adevice as in any preceding enbodi ment further conprising at |east
one sensor configured for mnmeasuring at |east qne voltage selected fromthe
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unit for rectlfy vol tage pul ses. device as I n any
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convert device as in any precedi ng enbodi nent wherein an energy
storage?ﬁgv %é)kggéelected fromthe group consisting of an accumnul at or

cell, a.c Clt?[ and/ or any conbination thereof. 13. A device as in any
precedi#@léﬁ%%%¥%ent wherein a pomer supply device is inplenented in and

for energ|2| | ow vol tage. a an evi ce as i precedi ng
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consistb&gm@@b@t@gh&ghone, PDA, canera, conputer, a rechargeabl e devi ce,
and/ or any conbi nation thereof.

2. The device of embodiment 1, further comprising a stepping down unit for stepping down

voltage provided by an electric power source up to a predetermined value.

3. A device as in any preceding embodiment, wherein a stepping down unit comprises a
switch confi gured for connecting an energy storage device or a load device to an AC electrical
source at a phase of a period of the AC sinusoid when the AC voltage is in a predetermined

range.

4. A device as in any preceding embodiment wherein a stepping down unit comprises a
switch configured for disconnecting an energy storage device or load device from an AC

electrical source when a voltage is out-of-range.

5. A device as in any preceding embodiment wherein a switch is configured to be in a
standby position when a voltage at an energy storage device is equal or higher than a

predetermined value.

6. A device as in any preceding embodiment wherein a switch is configured to be actuated

when said voltage is lower that than a predetermined value.

7. A device as in any preceding embodiment further comprising a controller configured for
controlling a switch such that said switch is open when a voltage at said energy storage device is

equal or higher than a predetermined value.

8. A device as in any preceding embodiment further comprising a controller configured for
controlling a switch such that said switch is closed when said voltage is lower than said

predetermined value.



15. A device as in any precedi ng enbodi nent wherein voltage sanpling

i ncludes at | east one paraneter selected fromthe group consisting of a
sanpl i ng woase/iaosanpl ed voltage, a setting error ther ecfi/iedi/omnsany
conmbi nation thereof. 16. A device as in any precedi ng enbodi nent further
conprising a control unit adapted to gontrol a predeterm ned voltage range
responsively to energy storage and/or supply paraneters. 17. A nethod of
provi ding a Iom/voltage to a load in accordance with any preceding
enbodinment. 9 Clains: 1. An AC/ DC power supply device connectable to a

| oad, c8npri &dgyiceasin %tl@?tr%fﬁ&nﬂge%m%ﬁwb?omr@m % FBHARR S age
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sai d stepplng down unit “conprising a swtch con red for nnec |ng an
ener gy sbagegeregtifi¢deoliage and apeiitpidwiliaget 0 an al ternating current (AC

el ectrical source at a phase of a period of the AC sinusoid when the AC
vol t age IDs i A daev'p:eelddn arymireredinganpedinznd fudihscomme singrgunitefiodreetifingy st or age
devi ce or 1ech fromsaid AC el ectrical source when said voltage is
out - of - F?W@g VORAgKREPEI n said switch is configured to be in a standby
positio volta e at sgid ener storage device is equal or higher
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| ower t lpagk savektgecond predeterm ned val ue. 2. The power supply device
according to claim1, further conprising a controller configured for
control hbng Aadedice\th ifdhySpiededind@inboaintbnf Whireth dnsen@ﬂg%tdwg%me%b% ¥Rleage at
sai d energy storage device is equal or higher than Said second

pr edet ediomidd gvaupgensisingios ag pessiathlaipraas!lsaeapaditir aadfer any dogbination dherepdi d

second predeterm ned val ue.
13. A device as in any preceding embodiment wherein a power supply device is implemented

in and for energizing a low voltage appliance.

14. A device as in any preceding embodiment wherein a low voltage home appliance is
selected from the group consisting of a telephone, PDA, camera, computer, a rechargeable

device, and/or any combination thereof.

15. A device as in any preceding embodiment wherein voltage sampling includes at least one
parameter selected from the group consisting of a sampling phase, a sampled voltage, a setting

error thereof and/or any combination thereof.

16. A device as in any preceding embodiment further comprising a control unit adapted to

control a predetermined voltage range responsively to energy storage and/or supply parameters.

17. A method of providing a low voltage to a load in accordance with any preceding

embodiment.



3. The power supply device according to claim1, further conprising at

| east one sensor configured for nmeasuring at | east one vol tage sel ected
from t he woaup/aengi sting of an input AC vol tage, a recteciiesivedosege, and
an out put voltage. 4. The power supply device according to claim1l1, further
conprising a unit for rectifying sanpled voltage pul ses. 5. The power
supply device according to claim1, further conprising a pul se skipping
nodul at ed buck converter. 6. The power supply device according to claiml
wherein said energy storage device is selected fromthe group consisting of
an accufiBsor cell, a capacitor, and any conbination thereof. 7. The power
supply device according to claim1, wherein the power supply device is

i mpl ement el Al AREPG pewessEPR)Y deYiee eonnesiableta nlgad. £pmprisiAge. 10 8. The power
supply device according to claim1, wherein said | ow voltage appliance is
sel ect ed frorat¢ppingrdowm undtrfor seppieg dfwmvaltege preyided bpppclegigwower sumgeutber , a
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one par anaioanediag anerdgf storagt Hevigy atgploaddsiictto ag aldrmatirpanpent(@ () leseicah

sanpl ed vol t age setting.erro ereof, and an onpi nation thereqf., 10.
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storage and sSupply paraneters.
source when said voltage is out-of-range;

wherein said switch is configured to be in a standby position when a voltage at said
energy storage device is equal or higher than a second predetermined value and is actuated

when said voltage is lower than said second predetermined value.

2. The power supply device according to claim 1, further comprising a controller configured
for controlling said switch such that said switch is open when said voltage at said energy
storage device is equal or higher than said second predetermined value and is closed when

said voltage is lower than said second predetermined value.

3. The power supply device according to claim 1, further comprising at least one sensor
configured for measuring at least one voltage selected from the group consisting of an

input AC voltage, a rectified voltage, and an output voltage.

4. The power supply device according to claim 1, further comprising a unit for rectifying

sampled voltage pulses.

5. The power supply device according to claim 1, further comprising a pulse skipping

modulated buck converter.

6. The power supply device according to claim 1 wherein said energy storage device is
selected from the group consisting of an accumulator cell, a capacitor, and any

combination thereof.

7. The power supply device according to claim 1, wherein the power supply device is

implemented in and for energizing a low voltage appliance.



11. A method of providing a voltage to a |oad, conprising: providing an
alternating current (AC) | ow voltage power supply device conprising a

st eppi ng wownunitozadapt ed for stepping down vol t age pr egirdezhibyooasn

el ectric power source down to a predeterm ned val ue; and stepping down said
vol tage; said stepping down conprising connecting an energy storage device
or a load device to an AC electrical source at a phase of period of an AC
si nusoid when the AC voltage is in a determ ned range and di sconnecti ng

sai d energy storage device or a | ad devjce fromsaid AC el ectrjcal source
when sai d oIl heROWes SURRIY. ¢RviGeATE dingpichire ey r%lalsaldé?‘@askt%g aRBURNCE & t her
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storage device Is equal her Than a predeterm ned vaI ue and I s

act uat ed \Ahelde@afr,dnd'em)tqg@bm&lqndb@coft hat sal d predetermined value. 12. The
met hod according to claim 11, further conprising controlling said switch
such that Saillie pawertupply d@pien aggoeting i daivol, whgeeimthe yaltagesamplipg sxcbdags
device is eq et erm ne cl osed when
e 0 vol ¢ age st i pRie et s8R RoPUBE Blolh BT ol A Sortf e pha s, 2 3fEpy S
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sel ected fromthe group consisting of an input AC voltage, a rectified

vol t age, ardl TaB pewbiibp el ecordidg t/claihhE fiiteien 06mpesiy &lEdiGrol Gnigtcai m 11,
further conprising rectifying sanpled AC DC vol t age pul ses.
control said predetermined voltage range responsively to energy storage and supply

parameters.
11. A method of providing a voltage to a load, comprising:

providing an alternating current (AC) low voltage power supply device comprising a
stepping down unit adapted for stepping down voltage provided by an electric power

source down to a predetermined value; and

stepping down said voltage; said stepping down comprising connecting an energy
storage device or a load device to an AC electrical source at a phase of period of an
AC sinusoid when the AC voltage is in a determined range and disconnecting said
energy storage device or a load device from said AC electrical source when said

voltage is out-of-range, and

wherein said stepping down further comprises instituting a standby position when a
voltage at said energy storage device is equal or higher than a predetermined value and is

actuated when said voltage is lower that said predetermined value.

12. The method according to claim 11, further comprising controlling said switch such that
said switch is open when said voltage at said energy storage device is equal or higher than
a predetermined value and is closed when said voltage is lower that said predetermined

value.

13. The method according to claim 12, further comprising measuring at least one voltage
selected from the group consisting of an input AC voltage, a rectified voltage, and an

output voltage.



15. The method according to claim 11, further conprising utilizing a pul se
ski ppi ng nodul ated buck converter. 16. The nethod according to claim 1l
wher ei n sgodoenalmy st orage device is selected fromthepgraumigonssisti ng of
an accunul ator cell, capacitor, and any conbi nation thereof. 17. The net hod
according to claim11, further conpriging energizing a |ow voltage
appliance. 18. The nethod according to claim 1l wherein said | ow vol tage
appliance is selected fromthe group consisting of a tel ephone, PDA, a
rechar geabl e _devi ce, and any conbi nati on thereof. 19, The net hod accordi ng
to cl ai m 9l4ndke Brehod greosdiae nslpim hiy firther Gerapridpe resblingsamplsd AlrgiCeroltage

sel ected frophﬁag group consisting of a sanpling phase, a sanpled voltage,
a setting erfor thereof, and any conbination thereof. 20. The net hod

accordin j , . ieSd L1z ne- ol :unif to
control gaﬁd’) ﬁ;i)lr: gfgc[aﬁogra (fﬁtogélhg \?%?ltg %ggf’ rfgrlrt\t%g C%Eﬁ%ﬁ%?@é fc ?@i lgeen%(}r}gyf}k gtst orage and
suppl y par ametodnlated buck converter.

16. The method according to claim 11 wherein said energy storage device is selected from the

group consisting of an accumulator cell, capacitor, and any combination thereof.
17. The method according to claim 11, further comprising energizing a low voltage appliance.

18. The method according to claim 11 wherein said low voltage appliance is selected from the
group consisting of a telephone, PDA, a rechargeable device, and any combination

thereof.

19. The method according to claim 9 wherein voltage sampling includes at least one
parameter selected from the group consisting of a sampling phase, a sampled voltage, a

setting error thereof, and any combination thereof.

20. The method according to claim 9, further comprising utilizing a control unit to control

said predetermined voltage range responsively to energy storage and supply parameters.



