1 AN ELECTRI CAL | SOLATI ON Cl RCU T FOR PREVENTI NG CURRENT FLOW FROM AN
ELECTRI CAL APPLI CATION TO A DC PONER SOURCE Fi el d of the Invention [0001]
The present invention relates to electrical isolation of DC power sources.
In particular, this invention relates to a nethod and apparatus for
preventing current flow froman electrical application to a DC power
source. Background of the Invention [0002] During operation of certain
types of electrical applications, the voltages generated in these

el ectrical applications may exceed the vol tagg@of t he DC
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power supply. Typical exanples of such electrical applications are

i nductive |load systens such as DC notors. [0003] In particular, this is
encountered in brushless DC notors (BLDC) that require conmutation for
correct ?n(ildeﬂi gi?ent .Oongerati on. Commutation is achieved in BLDC notors by
the cont &8 hse 5?%‘ wi tches configured to switch ON and OFF at

pr edet er m neddodi]e THE bfesérd iB@MAtiHN kel dtBEtoClBiftidat isolifiof fof DTEp&Iétsoiirceilns of
the BLDC notor. The switches used in these BLDC notors nmay be
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OFF, the DC power supp sol ate romthe electrical application.
However, in BLDC notors Back EMF is generated by the conmutation of the
stator coils. Wen the BLDC notor is turned OFF or when there is a | oss of
power, Daekgrgupd pfthemyeptiond can di sadvant ageously i nduce current that is
driven back into the DC power supply. The DC power supply may then be
damaged by this

[0002] During operation of certain types of electrical applications, the voltages

generated in these electrical applications may exceed the voltage of the DC power
supply in use. This causes current to flow from the electrical application into the
DC power supply. This may disadvantageously result in damage to the DC power
supply. Typical examples of such electrical applications are inductive load systems

such as DC motors.

[0003] In particular, this is encountered in brushless DC motors (BLDC) that
require commutation for correct and efficient operation. Commutation is achieved
in BLDC motors by the control of several switches configured to switch ON and
OFF at predetermined intervals to control the commutation of the stator coils of the
BLDC motor. The switches used in these BLDC motors may be semiconductor

switches implemented on integrated circuits (ICs).

[0004] In most electrical applications, when the electrical application is turned
OFF, the DC power supply will be isolated from the electrical application.
However, in BLDC motors Back EMF is generated by the commutation of the
stator coils. When the BLDC motor is turned OFF or when there is a loss of power,
the Back EMF generated can disadvantageously induce current that is driven back
into the DC power supply. The DC power supply may then be damaged by this

induced current.



i nduced current. 2 [0005] Such electrical applications thus require
electrical isolation fromthe DC power supplies to prevent damage to the
power supplies during normal operations. [0006] Two of the nore typical
ways of isolation are by nmeans of a Shottky diode or MOSFET between the
power supply and the electrical application. [0007] Referring to FIG 1, a
prior art inplenentation of electrical?2isolation for a BLDC notor 20 using
a MOSFET 12 as shown. Using such an inplenentation provides for |ow

vol tage drop across the MOSFET 12 thus keeping the voltage supplied to the

el ectrical applicatiqn high. The power _dissipation.by.the. FET is
al so rel ati veﬁ’;?osf]o. .31—61\‘7@%8?1, aﬂﬂi’icgtil‘i’rf?ptlhléﬁé‘?ﬂ“gﬁei%?Ftﬂﬁ?éésﬂﬁtfoq Pwthﬁ:éGent
the back fl 016‘6»9& su %‘%«S’pﬁe"&éﬁtedﬁnag@?@th‘é %w%t@?ﬁ@srdﬁﬁigrrﬁ)ﬁn&l(b efa@i@%] When
the MOSFET 12 is swtched OFF, electrical isolation occurs and no induced

current can flow fromthe BLDC notor 20 back into the DC power source 10.

However, when F 12 is. swtched during .nor nal i any
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i npl ementation of electrical isolation for a BLDC notor 20 using a Shottky

diode 17 is shown. The Shottky diode 17 allows only uni-directional
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back flow of induced current into the DC power source 10.

[0008] When the MOSFET 12 is switched OFF, electrical isolation occurs and no
induced current can flow from the BLDC motor 20 back into the DC power source
10. However, when the MOSFET 12 is switched ON during normal operations,
any induced currént due to Back EMF in the BLDC motor 20 can still back flow

into the DC power source 10.

[0009] Referring to FIG. 2, a prior art implementation of electrical isolation for a
BLDC motor 20 using a Shottky diode 17 is shown. The Shottky diode 17 allows
only uni-directional current flow, thus resulting in electrical isolation of the DC
power source 10 from the electrical application, in the present case, the BLDC
motor 20. However, using the Shottky diode 17 disadvantageously results in a high
voltage drop across the Shottky diode 17 as well as high power dissipation.

[0010] Therefore, a need exists for an improved method and apparatus for
providing electrical isolation for applications that may generate voltages in excess

of the DC power supply.



3 Summary of the Invention [0011] The present invention seeks to provide an
electrical isolation circuit for preventing flow of current from an

el ectrical application to a DC power source. [0012] Accordingly, in one
aspect, the present enbodi nent provides an electrical isolation circuit
for preventing flow of current froman electrical application to a DC
power source, the electrical isolation3circuit conprising: a switch coupled
bet ween the DC power source and the electrical application and a conparator
for conSnmmanypftthelmention by receiving inputs fromthe DC power source

and the electrical, application, The, conparator causes. the switch.tp swtch
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t hereby preventing flow of current from the electrical application to the

DC power sour [Q013],.1n a second ect, the.present enbodi nent .
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I solation circuit conprising a ND§FET operating as a switch, coupled
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to the DC power aspect, , ent enbo
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an electrical application t ower

hig?lFe)r voltage than tge %)CDgoveer source, thereby preventing flow of current from

the electrical application to the DC power source.

[0013] In a second aspect, the present embodiment provides, an electrical isolation
circuit for preventing flow of current from an electrical application to a DC power
source, the electrical isolation circuit comprising a MOSFET operating as a switch,
coupled between the DC power source and the electrical application, and an op-
amp operating as a comparator for controlling the MOSFET by receiving inputs
from the DC power source and the electrical application. The op-amp causes the
MOSFET to switch ON when the DC power source has a higher voltage than the
electrical application. The op-amp causes the MOSFET to switch OFF when the
electrical application has a higher voltage than the DC power source, thereby

preventing flow of current from the electrical application to the DC power source.

[0014] In a third aspect, the present embodiment provides a method for electrical
isolation to prevent flow of current from an electrical application to a DC power
source, comprising the steps of (a) providing a switch coupled between the DC
power source and the electrical application, (b) providing a comparator for
controlling the switch by comparing inputs from the DC power source and the

electrical application, and (c) switching the switch OFF when the electrical



source, conprising the steps of (a) providing a switch coupl ed between the
DC power source and the electrical application, (b) providing a conparator
for controlling the switch by conparing inputs fromthe DC power source
and the electrical application, and (c) switching the switch OFF when the
el ectrical 4 application has a higher voltage than the DC power source,

t hereby preventing flow of current frdmthe electrical application to the
DC power source. [0015] ‘In a third aspect, the present enbodi nent provides
a Brushl ess Dapplisaid®) hasradtigher ypBegerthinatheRC aowed soutaej thateby podveniiagmitlewr cui t,
t he BLDC notor_.syste o rising: oyer,.source: a BLDC notor having a
plurality of e%ﬂ%{%gb‘&ﬁﬁg&mle%@@%%ﬁ%%@‘ﬁ 8O 1UFC°ON or OFF at °
predeterm ned intervals to control conmutation of stator coils of the BLDC
motor;an electrical isolation circuit conprising: a switch coupled between
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di agram of a prior ar npl ementation o rica Isolation using a
Shot t ky di odeObetvher theaDfop@verssoppdeyhasradhigheretodtape itleal the BLDC motor; and

wherein the comparator causes the switch to switch OFF when the electrical

application has a higher voltage than the DC power source, thereby preventing flow

of current from the BLDC motor to the DC power source.

Brief Description of the Drawings

[0016] Embodiments of the present invention will now be more fully described, by

way of example, with reference to the drawings of which:

[0017] FIG. 1 illustrates a circuit diagram of a prior art implementation of electrical

isolation using a MOSFET between a power supply and an electrical application;

[0018] FIG. 2 illustrates a circuit diagram of a prior art implementation of electrical
isolation using a Shottky diode between a power supply and an electrical

application;

[0019] FIG. 3 illustrates a circuit diagram of an electrical isolation circuit in

accordance with the present invention not providing electrical isolation; and



application; [0019] FIG 3 illustrates a circuit diagramof an electrical
isolation circuit in accordance with the present invention not providing
el ectrical isolation; and 5 [0020] FIG 4 illustrates a circuit diagram of
an electrical isolation circuit in accordance with the present invention
when providing electrical isolation. Detailed Description [0021] In the
followi ng description, details are pro®ided to describe the preferred
enbodi ments of the invention. It shall be apparent to one skilled in the
art, however [0020]aFIGhé iotedenenisuitediap@npofieni dedrivalt isolatios wideudanai | s.

Sonme of these details. not be descriped at. length.so.as .not to obscure
t he preferredaccgﬁ%ﬂa‘? Wétﬁt%ge.prfﬁ@g’znjveﬁé‘}“e‘w TR Oy i et ,a?éﬁﬁ?aélf)g'ctri cal
isolation circuit 30 in accordance with the present enbodi ment is coupl ed
to an electrical application. The present exanple of the electrical

appl i cat Detailed Desatiptiomot or 20. The el ectrical isolation circuit 30

conpri ses a MOSFET 50 operating as a switch and an op-anp 40 operating as a

conparator. .[0023]. The FET 50 acts 3as swi t ch, between t he DC po
cource 10 andiPBRE L REOPINE SEapRASR: oIS A RRVIRD (O FBE i PTERT o 1 s
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10 is isolated fromthe electrical application. A drain 51 of the FET
50 is coupl edhowevdnethet et embyalimentp mhayche patiowd Whentsuoh detadpofSomieeofMOSFET

50 is coupled to the..DC power, sqQurc 1 A.gate 53 of {he FEI.50 i s
coupl ed to ant63% gEHIA S0 nethke g%s-cgﬁf)d ﬁg.lengﬁlﬁéo P18y 4 c&beg%t?rﬁgerrgg a
conpar at or pr gphb8@mehfze control for switching the MOSFET 50 ON or OFF.

[0024] A positive input 41 of the op-anp 40 is coupled to the DC power
source 10

[0022] Referring to FIG. 3, an electrical isolation circuit 30 in accordance with the
present embodiment is coupled to an electrical application. The present example of
the electrical application is a BLDC motor 20. The electrical isolation circuit 30
comprises a MOSFET 50 operating as a switch and an op-amp 40 operating as a

comparator.

[0023] The MOSFET 50 acts as a switch between the DC power source 10 and the
electrical application, which in the present example is the BLDC motor 20. When
the MOSFET 50 is switched OFF, the DC power source 10 is isolated from the
electrical application. A drain 51 of the MOSFET 50 is coupled to the electrical
application while a source 520f the MOSFET 50 is coupled to the DC power source
10. A gate 53 of the MOSFET 50 is coupled to an output 43 of the op-amp 40.
The op-amp 40 operating as a comparator provides the control for switching the
MOSFET 50 ON or OFF.

[0024] A positive input 41 of the op-amp 40 is coupled to the DC power source 10
while a negative input 42 of the op-amp 40 is coupled to the electrical application.
The op-amp 40 operating as a comparator thus receives voltage input from the DC

10 power source and the electrical application.



while a negative input 42 of the op-anp 40 is coupled to the electrical
application. The op-anp 40 operating as a conparator thus receives voltage
i nput fromthe DC 10 power source and the electrical application. 6 [0025]
During operation of the BLDC notor 20, a plurality of conmutation swtches
are utilized to control the comutation of the BLDC notors 20. The
plurality of comutation switches are Bonfigured to switch ON or OFF at
predetermned intervals to control the comutati on of the stator coils of
the BLDC not §62510Dutihg apsmationael dhe BMDE eeton28d ai pluralidy efBrapEnkistions 20

may be sem condyctor swi.tches nted on.in r

[0026] Referrf"ﬁg €8 a9 éml dfihedp qg’%ige"?@mt"%éloélft%gﬁ@gsc Ot%'{’gn%w%g% 50
operating as glusalty Cér b@mﬁiﬁlfatlda)ﬁwubl@ésl e swfighes t@Svatvh DN areOFhen
switched ON This results in current 31 flowing fromthe Qwer. squrce

10 via an i npﬁeﬁ%mln@ﬁ B vals theeRirdithsronynutatien piibestatessogl pgﬁ)grBLDC
commut ati on s n t beof the
el ectrical p }Oga &H u?a%m% ﬂwré&%gs‘%g? gﬁﬂ%& ga@bnﬁggorr § gg% oI t age
(vdd) of the mlp@mrztos watclfbsiiﬁipréhfm&d ondheggeddiepitadCops t he body di ode
of the MOSFET 50. The op-anp 40 thus receives a higher voltage input at
its positive input 41 conpared to the negative input 42 which is Vdd m nus
vol t age drop S d [ f T he

op- amp. et ur 2T RefBE P RN Al g MR BEDG M or A B MRAFE 2b

al l ows the cuopeatingds ¢ oviteh S WFF Gemimutati sfv\ntchesth?ear[abzcbamhen swilched 10
through the ¢ tion switches 24 and.23 _to the ator of the BLDC notor
20. [0027] At OR ndp Eer s ?%P%%%Pmr%n%%&fm%f@m f%@?mwaﬁnao%e Ipe VIR At al |y
ON but are npwisid biched: 68dy dlsi%f @Fthb R&)SFEfB@thrGugl@(?orﬁMﬁfaﬁBﬁ sWﬁcﬁe§Q4 BLDC
notor 20 cannot decay Instantly when swtches 24 and 23 are sw tched OFF,
back EMF i s and 23 and then to ground. Voltage (Vmotor) of the electrical application which in

this case is the BLDC motor 20 is voltage (Vdd) of the DC power source 20 minus
voltage drop across the body diode of the MOSFET 50. The op-amp 40 thus
receives a higher voltage input at its positive input 41 compared to the negative
input 42 which is Vdd minus voltage drop across the body diode of the MOSFET
50. The output of the op-amp returns a high output forcing the MOSFET 50 to
switch ON. This allows the current 31 to be fully delivered from the DC power
source 10 through the commutation switches 24 and 23 to the stator of the BLDC

motor 20.

[0027] At a next interval, commutation switches 24 and 23 are initially ON but are
now switched OFF. Referring to FIG. 4, as current in the BLDC motor 20 cannot
decay instantly when switches 24 and 23 are switched OFF, back EMF is
developed within the BLDC motor induciﬁg current 33 to flow back into the DC
power source 10. The induced current 33 will flow from ground to the DC power
source 10 through body diode of commutation switch 25, body diode of
commutation switch 22, and through the ON resistance of the MOSFET 50. This
causes voltage (Vmotor) of the BLDC motor to be higher than voltage (Vdd) of the
DC power source 10. The op-amp 40 thus receives a higher voltage at the negative
input 42 than the positive input 41. The output of the op-amp thus begins to return
a low output as opposed to its earlier high output. As the output of the op-amp



devel oped within the BLDC notor inducing current 33 to flow back into the
DC power source 10. The induced current 33 will flow fromground to the DC
power source 10 through body di ode of comrutation switch 25, body di ode of
comut ati on switch 22, and through the ON resistance of the MOSFET 50. This
causes voltage (Vmotor) of the BLDC notor to be higher than voltage (Vdd)
of the DC power source 10. The op-anp740 thus receives a higher voltage at
the negative input 42 than the positive input 41. The output of the op-anp
t hus begi ns t decredses,nthe &N oesissartcp utf ths MPPIAISE d0tincredsss eatill the MOASHRT &0t put .

As the output of the -a 7 decreases, th resi stan of th FET 50
i ncreases unt VRS @&I@Egpcgﬁlp?es‘fg&ytlé ales éﬁﬁggg‘“@gﬁiﬂu&“t%ﬁg fﬁogbfhﬁf%gﬁﬁhe DC
pover source s iR iBhPecARIpphAPatidpl Ch s the el ectri cal

application. [0028] The electrical 1solation circuit 30 of the present

invention provides electrical isolation of the electrical application,

preventing cu t . flo romthe el.ectri appli.cation back, into the DC
power source i@g&hﬁgﬁgc{ﬁﬁ%?]ﬁgﬁ e .Oﬁ@th%p%ﬁ@t s %f}%oglrdeﬁg]t e‘étrrfa&a
switch which iRlda dirias ictraPaphIRibn, Sretdiftinaedt AGw frdh ehelesEiahl
invention provides real time dynam c electrical isolation as and when

there is a regqpplicatienbaclointe theddfinoaver isgwicatl D dheretph darnagingitatidr viog e es
the vol tage ?élatggr]%to&%ﬂipagl\éear sv%?clﬁr\gl%cﬁ?n &ﬁé@ﬁ% %‘9‘{’6&8}%35;5 tfl R/{(zéeﬁ&fgbcal

appl i cation. normal oper atl e Vo e 0 vol t age

source 10 shoedpregdnta@yentien Ptdfidds redlaiiné denapictal@eried isoaionl Bcindi wivdn
application. The conparator would then provide an output to the swtch to

switch it ON. terg is ameawiremens Gy dlerdricabolsinar The comparaior emprreythaeaotege ent
teIOeE:Prei gglecgg:gfﬁl%a I @h{ﬂ I sdélpvgr%%gzg%gﬁ%%ﬁgh&e%&g%\?ﬁeE@%m\%@?gggf 01E htehe DC
vol tage source 10 and causes current to flow back into the DC power
source, the C([)oraggl]r %[u?{ngvr\%grlngl (Epréef\eptio%rs,ot\{lie %%ltgge (())IU t&lglﬁc thltEEgI’éeSOUI‘CC 10 should

always be higher than the voltage of the electrical application. The comparator

would then provide an output to the switch to switch it ON. This then allows the

DC power source 10 to provide current to the electrical application.

[0030] However, when the voltage of the electrical application disadvantageously
rises above the voltage of the DC voltage source 10 and causes current to flow back
into the DC power source, the comparator would then provide an output to the
switch to switch it OFF. This would then provide electrical isolation to prevent the

flow of current back into the DC power source 10.

[0031] While the present description refers to the electrical application being a
brushless DC motor. It will be appreciated by one skilled in the art that the present
invention may be practiced with a variety of other electrical applications that
require electrical isolation when excessive voltages are generated within the

electrical application.

[0032] It will be further appreciated that although particular embodiments have
been described in detail, various modifications and improvements can be made by a

person skilled in the art without departing from the scope of the present invention.



switch to swtch it OFF. This would then provide electrical isolation to
prevent the flow of current back into the DC power source 10. [0031] Wile
the present description refers to the electrical application being a
brushless DC notor. It will be appreciated by one skilled in the art that
the present invention nmay be practiced wwth a variety of other electrical
applications that require electrical 8solati on when excessive voltages are

generated within the electrical application. [0032] It will be further
appreci ated that although particul ar enbodi nents have been described in
detail, varjious nodifications and inprovenents can be nmade by a person

skilled M@He art without departing fromthe scope of the present
invention. 8 Clains 1. An electrical isolation circuit for preventing flow
of current froman electrical application to a DC power source, the

el ectrical i sdina¢lectnicgl isclatibn wdmepiti for preveatisgvfiowhof ouptrs drdretanedecttind DC
power sou el ectrical | i cati.on; ar.ator for

dt i . and
control | F‘r E’f‘ﬁ‘gn E‘\/ﬂhﬁgl?wr F‘é‘i%?’Jﬁ%@eétﬂﬁlt‘%‘ﬂ#ﬂpﬁnﬁrﬁﬁ%8O P%er source and

the el ectrical sapph E&ﬁﬁé@&ﬁm@@%@mﬁﬁ%&@ﬁﬁ@%ﬁ& He SRMFRS applRaBM; bl t O
switch ON when the DC power source as a higher voltage than the

el ectrical appldoowearaser, foarsgnishBing the tsivéich bypaeeiving inpeis dtom lee By pewert o
switch OFF _wh he application has a higher voltage than the

| i cal,.
DC power s%‘gﬁ??e:rgd,th? ﬁleegté‘%%‘taé’:l’@@%‘% ng flow of current fromthe electrical

application tqhkien e coRRFatGTUANES the2swildheto §lvaeh ON Aheh #RI T ipoWeiduddi t  of
claim1, wherein the swtch conprises a MOSFET having a gate, drain and

sour ce ahas ahighe yoltegethen thserleatdeal epphisefigegndn op-anp having a positive
| nput, a negawh\éFeir'h Q{fﬁ%ooﬁg%g(g %ﬁLﬁtsgﬁrthe g’w%%ﬁ};?(la glv?t%fl rd)ﬁ?'wﬁeﬁlo{h%t 4188 ighrr cui t

of claim 2, wherei e op-
application has a higher voltage than the DC power source, thereby preventing flow of

current from the electrical application to the DC power source.

2. The electrical isolation circuit of claim 1, wherein the switch comprises a MOSFET
having a gate, drain and source and wherein the comparator comprises an op-amp having a

positive input, a negative input and an output.

3. The electrical isolation circuit of claim 2, wherein the output of the op-amp is
coupled to the gate of the MOSFET, the positive input of the op-amp is coupled to the DC

power source and the negative input of the op-amp is coupled to the electrical application.

4, The electrical isolation circuit of claim 3, wherein the drain of the MOSFET is
coupled to the electrical application and the source of the MOSFET is coupled to the DC

voltage source.

5. An electrical isolation circuit for preventing flow of current from an electrical
application to a DC power source, the electrical isolation circuit comprising:

a MOSFET operating as a switch, is coupled between the DC power source and the
electrical application; and

an op-amp operating as a comparator for controlling the MOSFET, by receiving

inputs from the DC power source and the electrical application;



coupled to the gate of the MOSFET, the positive input of the op-anp is
coupled to the DC power source and the negative input of the op-anp is
coupled to the electrical application. 4. The electrical isolation circuit
of claim3, wherein the drain of the MOSFET is coupled to the electrical
application and the source of the MOSFET is coupled to the DC voltage
source. 5. An electrical isolation cir8uit for preventing flow of current
froman electrical application to a DC power source, the electrical
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current fromthe electrical application to the DC power source. 6. The
electrical isolation circuit of claimb5, wherein an output of the op-amp is
coupl ed 60 a dhe slestrigahdsalmemeEgircuit phslaim®d Whgsein &F ontpat gphipragrciSupl ed
to the DC._power r gative Lk the. op-: ' I to
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a source of the MOSFET 1s coupled to the DC vol tage source. 8. A nethod
for electrical isolation to prevent flow of current froman el ectrical
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coupled to the electrical application and a source of the MOSFET is coupled to the DC

voltage source.

8. A method for electrical isolation to prevent flow of current from an electrical

application to a DC power source, comprising the steps:

a) providing a switch coupled between the DC power source and the electrical
application;
b) providing a comparator for controlling the switch by comparing inputs from

the DC power source and the electrical application;
c) switching the switch OFF when the electrical application has a higher
voltage than the DC power source, thereby preventing flow of current from

the electrical application to the DC power source.

9. The method of claim 8, further comprising the step:
d) switching the switch ON when the DC power source has a higher voltage

than the electrical application.

10.  The method of claim 8, wherein the switch comprises a MOSFET having a gate,
drain and source and wherein the comparator comprises an op-amp having a positive input,

a negative input and an output.



application; b) providing a conparator for controlling the switch by
conparing inputs from the DC power source and the electrical application;
c) switching the switch OFF when the el ectrical application has a higher
vol tage than the DC power source, thereby preventing flow of current from
the electrical application to the DC power source. 9. The method of claim
8, further conprising the step: d) swit®khing the switch ON when the DC
power source has a higher voltage than the electrical application. 10. The
met hod ofl.cl aThe ethodenfelaimt e wheicircthe ootput bEths op-auBisSEduplad tnthe zagatie,

dr ai d wherein th t i -anp_hayj
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the positive input of e op-anp is coupled to the DC power source and the
negative input of the op-anp is coupled to the electrical application. 12.
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isolation circuit, the BLDC notor system conprising: a DC power source; a

BLDC notor having a plurality of commutation switches configured to switch

coi s of e A per st b ari-RP Bt GRIbE B ERFR Rl@Rauchiohi,
swi t ch cpuplmhohigtsyean co@riBiagpower source and the BLDC notor; and a

conparator for controlling the switch by receiving inputs fromthe DC power

a DC power source;
a BLDC motor having a plurality of commutation switches configured to switch ON or
OFF at predetermined intervals to control commutation of stator coils of the BLDC
motor;an electrical isolation circuit comprising:

a switch coupled between the DC power source and the BLDC motor; and

a comparator for controlling the switch by receiving inputs from the DC power
source and the BLDC motor;

wherein the comparator causes the switch to switch ON when the DC power source
has a higher voltage than the BLDC motor; and

wherein the comparator causes the switch to switch OFF when the electrical

application has a higher voltage than the DC power source, thereby preventing flow of

current from the BLDC motor to the DC power source.

14.  The BLDC motor system of claim 13, wherein the switch comprises a MOSFET
having a gate, drain and source and wherein the comparator comprises an op-amp having a

positive input, a negative input and an output.

15.  The BLDC motor system of claim 14, wherein the output of the op-amp is coupled
to the gate of the MOSFET, the positive input of the op-amp is coupled to the DC power

source and the negative input of the op-amp is coupled to the electrical application.



source and the BLDC notor; wherein the conparator causes the switch to
switch ON when the DC power source has a higher voltage than the BLDC
notor; and wherein the conparator causes the switch to switch OFF when the
el ectrical application has a higher voltage than the DC power source,
t hereby preventing flow of current fromthe BLDC notor to the DC power
source. 14. The BLDC notor system of cltim 13, wherein the switch conprises

a MOSFET having a gate, drain and source and wherein the conparator
conpri se$6.an dhe Blgp Goetargystempdslainé, whengin the drasgef the MOBBGT issenypled

output. 15. T DC ytot or system.of cl aim 14, erein out put t he
ops a1 6 s el oS Gy tiah SPifhe’ REGRERLRA GG Apit e RRbBE o b
op-anp i MOSEWT atouplell AEHID O WRIge so@ece and the negative input of the
op-anp is coupled to the electrical application. 11 16. The BLDC notor
system of claim 15, wherein the drain of the MOSFET is coupled to the

plurality of commutation switches of the BLDC notor and the source of the
MOSFET is coupled to the DC vol tage source.



