1 CCRCU T AND METHOD FOR FAST SW TCHI NG OF A CURRENT M RROR W TH LARGE
MOSFET SI ZE Field of the Invention [0001] The present invention generally
relates to electronic circuits for DC power supplies that require fast
switching current mrrors, and nore particularly to a fast sw tching
current mrror circuit with a |arge si 2e MOSFET and a nethod for fast
swtching the current mrror circuit, and further to el ectronic devices
havi ng sucHRGUHUAND MEEHODDHEOR BASTISWITCEHINGOOF ACIRRENT MIRROR

regul ators are w dely used pl r | ectronic devices such as
portabl e devices (e.g., PDAW@R&%QE%%“%S%@S printers,

t el ecommuni cati on equi pnent, and ot her devices. Such sw tch-node regul ators
are available in variety of configurations for producing the desired

out put voltage or current fronFizldefitheédnvaitionge to power a | oad such as

m croprocessors of portable devices. The drive circuit is a current
mrror, mrroring a fixed current, which is Ntines froma reference

current . ob903] Fl fhelpebannidifio® gAY RIfLAY AR CciRluB l6: DOMIRR:

mrror circuit that 'has a large PFET providing a |arge output current of
50mA at Dplies phatercquirt dast. swikenng CukeriOmitrpes, gat emoxs| pargieulefly ND 4 dasgbul | ed
high (up to,VCC) to,switch off .the output t . 1o..Wien K=1,..the gate
of o | St e ar G VB S I g S BT e B <
of | ar gethdicdirbat rhit@k Qiréi§it, and AlrdRr fM1ERhid RevRes Bwlkg behiruitdie vol t age of
the gate termnal of MO reaches the biasing voltage of M. Here, ML is

si zed about 1/100 of MO so that the sink current of MA is |arge enough to

pull down the gate of MOto i o match the sw tching
frequency of the clock. If t#e;%lé Hﬁlﬁgg’rfrt%eﬁ*ntvi%gﬁ%%t | arge enough, the gate

voltage will require nore tine to reach the biased voltage. However, this
desi gn consunes nmuch space and current. ,50004] FIG 2 shows the schematic
di agr am BP9 not her SWifph-dprdeniegulstors jare idely nusedite supply pawern t9 elselrofie shown
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gat e t erwlavalnnoiniéatMd edpepmeite a@lkothdr. ddticss. Sheh cwitchnhodd rdguldtonsi arg

through %iliaglerig dvliﬁgg cItI c%rrrl]ﬁggr%tbi\ons for producing the desired output voltage or current
from a source voltage to power a load such as microprocessors of portable devices. The
drive circuit is a current mirror, mirroring a fixed current, which is N times from a
reference current.
[0003] FIG 1 shows the schematic diagram of a simple current mirror circuit that
has a large PFET providing a large output current of 50mA at MO to power a load. When
CLK =0, the gate voltage of MO is pulled high (up to VCC) to switch off the output current
To. When CLK=1, the gate of MO is connected to the biasing voltage of M1. Because the
size of MO is of large width, there is a large current to be sunk before the voltage of the
gate terminal of MO reaches the biasing voltage of M1. Here, M1 is sized about 1/100 of
MO so that the sink current of M4 is large enough to pull down the gate of MO to the biased
voltage to match the switching frequency of the clock. If the sink current is not large
enough, the gate voltage will require more time to reach the biased voltage. However, this
design consumes much space and current.
[0004] FIG 2 shows the schematic diagram of another current mirror circuit that is

similar to the one shown in FIG 1. This circuit comprises a buffer amplifier and a smaller

sink transistor. The buffer amplifier limits the current discharged from the gate terminal of




to 50A, which is ten tinmes less than the current sink of FIG 1. However,
the buffer anplifier requires space and biasing current. [0005] Wth
progressing mniaturization of electronic devices and increasing speed of
operation, there is an inperative need for a current circuit with |ess
space, |ess power consunption and fas2Z switching speed so that it is
suitable for being enployed in switching regulators. Summary of the
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provided a fast switching current mirror circuit for providing a

fast - svm toc hlatn | whigh ig ey @mes lgss thire theeeryoait wimkt of Kk 1f adowevart thisi vdfec ur r ent
ransistor that is a large size to source a

mirror ng“éées an_out p h
| ar ge cu?"F1 58‘1%?51’36? ﬁi BYDESBUP¥e configured to provide a mirrored
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current mrror electricall coupled to the gate term nal of the output
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wher ei n ﬁ@&m&ggdback sub circuit is so configured that it will receive the
feedback signal fromthe first current mrror to sink the current fromthe
gate term nal of the output transistor; and a second current mrror
electrically coupled to the o he current source, the
first current mrror, and thgL d&é@gﬁ% tV%tlur"%:wt wherein the second
current mrror is so configured that it provides the current source to the
out put transistor and sinks the residual current fromthe gate term nal of
the out pl8P%8r ansi s@o?n%ﬁgwom@er&a@fetheemﬁmmrf@ntz-ﬁn tthere isj previdgdvaifashge. | n
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conprises a fi and a secon contr I ng

vol t agesembodimentothiefest switching icatrent. mlb@lr') 6(7111pﬂ1s'es an @utpm trendiook et adreirgé he

f ast smﬁtch{n current mrror circuit, the outp transistor is, a PFET,
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clock switch is electrically dispose etween’t he power supply an
gat e t ererupked tofthe gate teyminal tof theamgpst tomsiswnewherhim the fs$t cotrenkmsavartisko i s on,
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a feedback sub-circuit electrically coupled to the first current mirror, wherein the feedback
sub-circuit is so configured that it will receive the feedback signal from the first current
mirror to sink the current from the gate terminal of the output transistor; and a second
current mirror electrically coupled to the output transistor, the current source, the first
current mirror, and the feedback sub-circuit, wherein the second current mirror is so
configured that it provides the current source to the output transistor and sinks the residual
current from the gate terminal of the output transistor when its gate terminal is at the
biasing voltage. In another embodiment, the fast switching current mirror circuit further
comprises a first and a second clock switches for controlling the gate voltages of the output
transistor.

[0007] In another embodiment of the fast switching current mirror circuit, the
output transistor is a PFET, wherein its source terminal is electrically coupled to a power
supply, and its drain terminal to an input of the output current; wherein the first clock
switch is electrically disposed between the power supply and the gate terminal of the

output transistor; when the first clock switch is on, the output transistor is turned off for its




el ectrically disposed between the first current mrror and the gate
termnal of the output transistor; when the second clock switch is on, the
output transistor is turned on for its gate voltage is pulled down to the
bi asing voltage of the first current nmrror; whereby the first and second
clock switches forma conplenentary swltch pair, i.e., whenever the first
(second) is open, the second (first) is closed. [0008] In another

enbodi nmegdte abltagreisl miledswy tocthengwaursupplly; Bhd Mberein tigusdcondoRickiswitchHe fir st
current mrror_conprises a biasi g% transi stor and a feedback transistor;
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bi asi ng e StdenWhe LecbHd fs d1ibgq feedback transistor that in turn
turns onGSt he % O%b%c setj:b cﬁnglpjlst to sink the current and pull down the

bi asi ng @698 age. [MOO®Fher embndittent ofthb dakit semthiof ctirentfraistor sinbuit vhegeicur r ent
mrror c Ult the . feedback syb-circuit comri drai ni ng, transi stor
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termnal of the drai nm? transistor; the draining termnal of the draining
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down enough to turn on the feedback transistor again. [0010] In anot her
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i s el ectddvasdhk piasipupplitage.t o the current source, its source termnal to the
ground, and its gate termnal to the gate term nals of the second and

third NVERES! the drafnptharerpbadiment; of Hisl Sasbswitpling icpeent ity giveuit, the
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second its drain rm nal rically coupled’to t Farm
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SOUrCe transistor is electrically coupled to the biasing voltage; and the source terminal to the
ground; and wherein, when the second clock switch is on, the feedback transistor is turned
off, then the low input of the inverter will turn on the draining transistor until the biasing
voltage is pulled down enough to turn on the feedback transistor again.

[0010] In another embodiment of the fast switching current mirror circuit, the
second current mirror comprises a first NMOS, a second NMOS, and a third NMOS
forming a current mirror; wherein, for the first NMOS, its drain terminal is electrically
coupled to the current source, its source terminal to the ground, and its gate terminal to the
gate terminals of the second and third NMOSs; the drain and gate terminals of the first
NMOS are electrically connected, forming a diode configuration; wherein, for the second
NMOS, its drain terminal is electrically coupled to the drain terminal of the feedback
transistor, and its source terminal to the ground; and wherein, for the third NMOS, its drain

terminal is electrically coupled to the drain terminal of the biasing transistor, its source




4 terminal to the ground for draining any current fromthe gate term nal of
the output transistor. [0011] In another enbodi nent of the present
invention, there is provided a switching regulator for providing a
fast-switched large current to a load. In the enbodinment, the sw tching
regul ator conprises a means for channe#ing a fast-switched |arge current
to the load; and a fast switching current mirror circuit for providing the
fast- swickahad i allied @rovkdr RRtdrainhir @iy cliféntffasrh tBwigathteninalilofand ofiiguft Or
circuit is electrically coupled to a clock control and the means for
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gate termnal is at the biasing voltage. In another embodi nent, the
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switch is on, the output transis urne of 8 Vol a%e is
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configured that it provides the current source to the output transistor and sinks the residual

current from the gate terminal of the output transistor when its gate terminal is at the
biasing voltage. In another embodiment, the switching regulator further comprises a first
and a second clock switches for controlling the gate voltages of the output transistor.

[0012] In another embodiment of the switching regulator, the output transistor is a
PFET, wherein its source terminal is electrically coupled to a power supply, and its drain
terminal to an input of the output current; wherein the first clock switch is electrically
disposed between the power supply and the gate terminal of the output transistor; when the
first clock switch is on, the output transistor is turned off for its gate voltage is pulled up to
the power supply; and wherein the second clock switch is electrically disposed between the
first current mirror and the gate terminal of the output transistor; when the second clock
switch is on, the output transistor is turned on for its gate voltage is pulled down to the

biasing voltage of the first current mirror; whereby the first and second clock switches



switch is on, the output transistor is turned on for its gate voltage is
pull ed dowmn to the biasing voltage of the first current mrror; whereby
the first and second clock switches 5 forma conplenentary switch pair,
i.e., whenever the first (second) is open, the second (first) is closed.
[0013] I n another enbodi ment of the swbtching regulator, the first current
mrror conprises a biasing transistor and a feedback transistor; wherein

the bi asfoig 4 camplefiieftarpBdlitch paiEbRE Kwhemiet HeOfirsB(Bedifdr Is ophiERRd ecohe
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the draining.transistor until the biasing voltage is pulled down enough to
turn on @%@%é’dﬁ%ﬁk"ﬁ?‘%si stor again. [0015] In another embodi ment of the
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second , and a third NMOS formng a current mrror; wherein, for the
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enough to turn on the feedback transistor again.
[0015] In another embodiment of the switching regulator, the second current mirror
comprises a first NMOS, a second NMOS, and a third NMOS forming a current mirror;
wherein, for the first NMOS, its drain terminal is electrically coupled to the current source,
its source terminal to the ground, and its gate terminal to the gate terminals of the second
and third NMOSs; the drain and gate terminals of the first NMOS are electrically
connected, forming a diode configuration; wherein, for the second NMOS, its drain
terminal is electrically coupled to the drain terminal of the feedback transistor, and its
source terminal to the ground; and wherein, for the third NMOS, its drain terminal is
electrically coupled to the drain terminal of the biasing transistor, its source terminal to the
ground for draining any current from the gate terminal of the output transistor.
[0016] In another embodiment of the present invention, there is provided a method

for fast switching of a current mirror so as to provide a fast-switched large current to a

load. In the embodiment, the method comprises turning off an output transistor that is a




ground for draining any current fromthe gate term nal of the output
transistor. [0016] In another enbodi mnent of the present invention, there is
provided a nmethod for fast switching of a current mrror so as to provide
a fast-switched large current to a l|oad. In the enbodi nent, the nethod
conprises turning off an output transi8tor that is a 6 |large size to source
a large current output by electrically coupling the gate termnal to a
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sub-circuit conprises a draining transistor that is an NMOS, and
i nvert ertrangideropis PRET] whereiethe sowre derminalp lof both transistors are electrically

coupled to the power supply, the gate terminals to each other, the drain terminals to the
second current mirror; and wherein the drain and gate terminals of the biasing transistor are
electrically connected so that the pulled-up biasing voltage at the drain terminal of the
biasing transistor will turn off the feedback transistor that in turn turns on the feedback
sub-circuit to sink the current and pull down the biasing voltage.

[0018] In another embodiment of the method, the feedback sub-circuit comprises a
draining transistor that is an NMOS, and an inverter; wherein the inverter is electrically
coupled to the drain terminal of the feedback transistor and the gate terminal of the
draining transistor; the draining terminal of the draining transistor is electrically coupled to
the biasing voltage; and the source terminal to the ground; and wherein, when the feedback
transistor is turned off, then the low input of the inverter will turn on the draining transistor

until the biasing voltage is pulled down enough to turn on the feedback transistor again.



coupled to the drain termnal of the feedback transistor and the gate
termnal of the draining transistor; the draining termnal of the draining
transistor is electrically coupled to the biasing voltage; and the source
termnal to the ground; and wherein, when the feedback transistor is
turned off, then the low input of the Ynverter will turn on the draining
transistor wuntil the biasing voltage is pulled down enough to turn on the

feedbackphfgnsi st of, fGfeP embodiBRAPLSf 1h AR fe LUBRLETRAE nfifrof &fnpmRESO,
the second Current mrror conprises a first NMOS, a second NMOS, and a

t hi rd NMDBrst dVMiDRga second NMOSpand @ third INMQS formfngr a curhent fiirret; WivBSn, fot s
drain termmnal,.j l.ecir.ically .coupled to th rrent source, Lts source
ter m nal eGSR ifcrdin b i3 afteRicalFichuied 1 (bR SugRttiaifienith 3088t “Fhe
second gt {dkhe WGBS, add'Bs BiBietnaRl 19 WEedil (S oOhe 5Bl ndlthiOS ar e
electrically connected, formng a diode configuration; wherein, for the

second )S4; the diaiaiand geter¢rnuanals of Wk diest INMEIS| aye eleduipdlboconpeated fehming

termnal qf the f.eedback transi.stor, and, | ource.termnal. to th

or ound. aAipdiEPEERAPS, heBR 1 feroeRie NMOSP Fs Rl ss SR8y i car 1y
coupl ed ggupldieto Me airfintteimiinARbf He feb@bdk afdnBi@tdr ) A itS kOlirce itérsifAUDRe
termnal to the ground for draining any current fromthe gate term nal of

t he out pgrourd;zandivehesein, fopdipothirdN s draiptierating ng cleetrically poupdechto the

| nventi Off.; I REE& .| §f b %Ye{sﬂl‘:gdtr&@isto‘?' SELLOA LAV foﬁthe |RodddErof Hpa?rﬂhg‘iﬁ , the
el ectroni ¢ device Conprises a mcroprocessor W asconputer-readabl e

medi um  @airftnafribmsthe gate teehiindd of therfoRffut Frafigiasr. ci rcuit for providing a
fast-switched | ar gIe current to_ the m_croprocessor, ,conFri si.ng: an out put
transi st@P28hat i sin anqthgrgembedimeng of dhe geessnt argatieny e 1opiPided an

current SoUrGe. GOREL IHI 88 hfboRlfRMlt e lecfohlcOdeSthe oLIRLs é‘?ni@ro@?c{c%s%{me
bias current to the output transistor; a fol rst current mrror “electrically
coupl ed with hlvempatee-réadnbie naddivah; dndex fasttspuitching @nsestogirsor whrariefon ptdvédihg r st
current ?1rror ia so configured that it provides the biasin .voh%aqe to
the gat e fastiiiiched daree ﬁ%ﬂ%?%the MICFQPRTESIy COMPTISINg BA ORIPUY Bansigier jgtts

el ectri caldrye GRMRbEDuER 4 BBgd Eﬁﬁént?d%ﬁﬁtﬁnk dRehOSourd186Righrtd & pfRAgDACK
sub-circuit 1s so configured that it wil receive the feedback signal from

t he fi r smirrerad cementrasrarefer¢rme diiaskeurtent tutheentpult tansistos aghitse comentinmiador of t he
out put tr.ansi stor:; d second .current mrror electrical oupled to the
out put 1 1aSPQlsGFounfiEiodts R cerouiHlal it ARpuf s helien e S SRR ¢ he
f eedbackmfuht-i§ bd edtiffourcdiBit8i frobiags R GRthoCHlthNM o tE BAte ferhSnad Of tHeQutdw@ur ed
that it provides the current source to the oufput transistor and sinks the

r esi dual transisteren feeflbasksubreirguit eleeteicatiyneduplsd to Hie fysit quaent ménesi whereinghen its

gate t erfge(rﬁ‘;ialckisﬁb-%}rc&ip & so configured that it will receive the feedback signal from the first
current mirror to sink the current from the gate terminal of the output transistor; and a
second current mirror electrically coupled to the output transistor, the current source, the
first current mirror, and the feedback sub-circuit, wherein the second current mirror is so
configured that it provides the current source to the output transistor and sinks the residual
current from the gate terminal of the output transistor when its gate terminal is at the
biasing voltage. In another embodiment, the fast switching current mirror circuit further
comprises a first and a second clock switches for controlling the gate voltages of the output
transistor.
[0021] In another embodiment of the electronic device, the output transistor is a
PFET, wherein its source terminal is electrically coupled to a power supply, and its drain
terminal to an input of the output current; wherein the first clock switch is electrically

disposed between the power supply and the gate terminal of the output transistor; when the




bi asi ng vol tage. I n another enbodinent, the fast swtching current mrror
circuit further conprises a first and a second cl ock switches for
controlling the gate voltages of the output transistor. [0021] In another
enbodi ment of the electronic device, the output transistor is a PFET,
wherein its source termnal is electrigally coupled to a power supply, and
its drain termnal to an input of the output current; wherein the first

cl ock swtse Eﬂobl@ S\?it&f:ffs ro'nct?‘lle|0¥1tpu@l LraROS6ds RELYESR rdes ltaﬁé' Ps%dﬂeé'ﬁ t& he
gate term nal of ut put transistor; when the 8 Tirst clock sw IS

on, the thatppwer $upabs |aB¢1 wiheiesn tharscmd@idckfsmmhnsselgamwllvaimpag@l eswean thed up
to the P d, wher |n t con eIe trically
i sposedtBLeHEE FEEE 106 S PRHEA A RE PO ERG U Gt Eoh iieRart HhHE e

out put t &R Bt thé"@lﬁf)utt @ﬁlsisse&qwmﬁb@féh foS Wk b&t8 vo&agéns WIRd Akl the
transistor is turned on for its gate voltage r's pul own to the biasing

vol t age bisingeoltagesof therfissheumént rrmror,vwwbmby thenBrst |ané tsemmd deckoswitdies c k
sthchesf formalc rrgemanttgh\{) SW tch h{})alr £ ver eth f'erc%;ﬁd
(second) 10T HpERPCMBaLL EBHE" PRFS Yt YOrEVE el 566‘2"2‘?‘? APShahes

enbodi megirstpfs dldxedel ectronic device, the first current mrror conprises a
biasing transistor and a feedback transistor; wherein the biasing .

transi stBP2Znd  f ebdnthert orabrdiment ohthe ermmNigHAeYies.nhe HistseiiFee MOk nal s
?f bot h &Jr%%e?g%fa% r%rt?ansﬁko?%ga (}@édlb ckct%l% cgl‘ %v%eli th@%‘ﬂ’l%{ St%gfsyo’r ahg'e gate
erm nal § each

aln ermnas to COI’] current mrror;

and wher fedbddietraisistor argd PFEIE wissrainntleSsaaircd Itamlbalgajfnlg)th rtedisissdrorarar e
el ectrically connected so that when the second switch is_on, the pulled-up
bi asi ng 6fisyey &Purlse tarthe wopst rﬁlPu%lV’ e gHe tpimigplsgior ?aghsqté%reﬁh%ﬂrqmt urn

of f the faRARACKNKET g{bgfds ent g‘(ﬂ;ﬁ ULl RS dPfin bRE gfaﬁgtgggﬁng sSHpEi reui t

to sink the current e b|a5|ng vol t age n anot her
enbodi nebibsiog ttalneisteulremt retmtrmaﬂymonnecwcheo fles dilzenk the dee@id switth iscamptheses a
draining transistar that is an NMOS, an inverter; wherein the verter
15 ol ecrleda Glasbeyolies & BRHP RmRar S ha P st SERULR FEHSF of o
and the ﬂ@&&wk%@ﬂhﬁﬁ}ﬂﬁfnﬂﬁﬁﬁuﬁﬁ%ﬁﬂh@ﬂw&&ﬁﬁ%b§Eﬁ&ntkﬁﬁﬂﬁhébﬁhaﬁah@?ﬁﬂna' of
the draining transistor is electrically coupled to the biasing voltage;
and t he doun the biasing vedfage.o t he ground; and wherein, when the second clock
n,.th w. i nput of

Suten Lpedl {he Lesdhpck gk s\l SlHNEG L BRI dpuanput of

is pull e@brﬁ&ﬂ’i’!@s a draining transistor that is an NMOS, and an inverter; wherein the inverter is
electrically coupled to the drain terminal of the feedback transistor and the gate terminal of
the draining transistor; the draining terminal of the draining transistor is electrically
coupled to the biasing voltage; and the source terminal to the ground; and wherein, when
the second clock switch is on, the feedback transistor is turned off, then the low input of
the inverter will turn on the draining transistor until the biasing voltage is pulled down
enough to turn on the feedback transistor again.
[0024] In another embodiment of the electronic device, the second current mirror
comprises a first NMOS, a second NMOS, and a third NMOS forming a current mirror;
wherein, for the first NMOS, its drain terminal is electrically coupled to the current source,
its source terminal to the ground, and its gate terminal to the gate terminals of the second
and third NMOSs; the drain and gate terminals of the first NMOS are electrically
connected, forming a diode configuration; wherein, for the second NMOS, its drain
terminal is electrically coupled to the drain terminal of the feedback transistor, and its

source terminal to the ground; and wherein, for the third NMOS, its drain terminal is



enough to turn on the feedback transistor again. [0024] In another

enbodi nent of the electronic device, the second current mirror conprises a
first NMOS, a second NMOS, and a third NMOS formng a current mrror;
wherein, for the first NMOS, its drain termnal is electrically coupled to
the current source, its source termnal to the ground, and its gate
termnal to the gate termnals of the second and third NMOSs; the drain

and gat eete&ﬁém&aéoﬁp@a 1d B Jrétﬁ%mﬁh%f%%ﬁét?ﬁﬁﬂs%rl ¥s s&ﬂ&'”'@ﬁﬁi%ﬂt tofg M ng a
di ode configuration; wherein, for the secon its drain termnal is

el ect ri cabhyd fodpliwdg ey cureend fraimthe gateiteraiina of theeufmie tiaasiston. r ansi st or, and

its term I t he ground: erein, ,for the third.N its
ir o coPifar s alelhe Safiofirens of M SRELEhE doife, e it bk

bi asi ng fERA& aSécﬁﬁ utér! BotSEYHIKS PDINE MBNGhydr CortrhiRroddive ¥ ethtOkard dRk AkikE any
current fromthe gate term nal of the out put transi stor. [0025] In another

enbodi nent of the electronic device, the electronic device includes a

conput er, not ebook, PDA, drlv or other hard disk
drive. Brief Description o rf‘%lﬁ&&ré%mn Oﬂihﬁ é}f"“ﬁ% ef erred enbodi nents

according to the present invention wll now be described with reference to

the Figures, in which like reference nunerals denote |ike elenents, [0027]
FIG 1 sH8lt he schisfraradcerabedimsnisorccarding i thaupresent imventinn will ag b¢ hat

has a | grlféf&ttﬁrr%t@r%{c@gtoathg gilggrﬁ%?thg\?hfﬁqfﬂee&tferglgceSIQl%et‘?t (%[Rote[ HQ 8] FI G

2 shows mat'i c ram FEent T Fror  circul t hat
has a | aslgae®EET providing a | arge output current of 50mA at MO [0029] FIG

3 shows the schematic dagr mof a fast sw g current mrror circuit
in accorl@%fde witHIGhks Iﬁm@ﬁc tRerapy %é%k’to‘t’ﬁ*ﬁ‘é‘ﬁ%fttdwm[f Gosoithet G 4 is

a bl ock ﬁds%%%@‘PFE'T‘fﬁ&\Flﬁﬁt fa | ngﬁ Peh] n%f%mA%W esent invention

conprising a systemwt g current mrror circuit. Detailed
Descri ptjoozs] of t heFIGhY eimvwsothe [s@@adk)ic Tieprpn ef emithérrknewhicorrentayirtye cunelér st ood

t foll i pti f t ai
Ebad s plans PRRT BRoyiiRe G SHORIRH L AP AEEMI o | ot i on. “where
publicatjpopsy are reies s@dhe tdRmatlt af E%&‘Bﬁ@fa@ﬂcsv&lﬁﬁﬁ% b @atdrRRsuier €

hereby incorporated by reference, in their entireties
in accordance with one embodiment of the present invention.

[0030] - FIG 4 is a block diagram illustrating an embodiment of the present

invention comprising a system with a fast switching current mirror circuit.
Detailed Description of the Invention

[0031] The present invention may be understood more readily by reference to the
following detailed description of certain embodiments of the invention.

[0032] Throughout this application, where publications are referenced, the
disclosures of these publications are hereby incorporated by reference, in their entireties,
into this application in order to more fully describe the state of art to which this invention
pertains.

[0033] While embodiments of the present invention will be described in reference
to the accompanying drawings, the specifics and details are provided for the sole purpose
of illustrating selected embodiments of the present invention. It is to be appreciated that

the present invention may be practiced without employing the specifics and details.



into this application in order to nore fully describe the state of art to
which this invention pertains. [0033] Wile enbodi nents of the present
invention will be described in reference to the acconpanying draw ngs, the
specifics and details are provided for the sole purpose of illustrating
sel ected enbodi nents of the present inmgention. It is to be appreciated that
the present invention may be practiced w thout enploying the specifics and

det ai | Sclf“ti'xﬁxeﬁlri&teh@érm?ﬁ %an%t nk %T%eh%%ﬁ‘%evﬂé 8tk Pf’th%rfﬁ" b GR ﬁé?ﬁllflsqﬁ)tl%' I's in

the practice are’ perm ssi ration om't esco
appendedwithait @sviafi@iDfidi thaswpe ofitpappendetielapnesent di scl osure teaches a
fast switching curyent mrro circuit with a large MOSEET size tofrgrovi de

a | arge B%4%but cur aspech e Pregent sisglospredeaches  &gat switching FETSH "R r am of
the fast mﬁ:‘Mttv%'fH R SUMICRHEETi5d R p rShHQ 'é'l Fé BuPGCAAANRS M B 10 RNEFIG 3

enbodi ment of the present 1nventi on ast ‘swtching current mrror
circuit shows(amnhemw diagaut pithe tfasaamtshmg clBnt aniftor sircwuinraspordamgergith 2 wi t h

bi t d f b 1 ul e
with a cOFr BAPUREThol PunBrsTbA B tF PPhyELTERE CrEu PHE SBURCE. and
a secondediblifs8fhn Hhtbﬁ@t'irarﬁlsmrtl\ho BfirstMurrd¥® mifrSOB Rhth BNasntt Patlsistdravisasd or MO

is a PFET, where its source termnal is el ectrlcall% coupled to the power
suppl y VOfsedback tmsistort MRna dedining nagwlulen iithod ceent alpmtanélgﬁoréﬁﬁ andagsi ng
MO, and its_gate termnal ock switc f |l ock switch is

el ectri cA'f ?’é} %8‘&5‘?"&80?86’%&18%%& Cgﬁﬁ'f)tlr?n\%g gh@%@é hd clock switch is
el ectricjabdsy coupl ekk s@phthfansisten®A0 RA FERETIBehRY it Siréd Rinfinkiek leogicallpf ML
and M4, where the first and second clock swtches forma conplenentary

pair, @UPIG&%@n@Vé}OVteﬁéUP}PlB’sYC@s e drrin ternipplete, an HPUS BE HiFdOVPRS $WEoRt |

cl osed l I \e I urrent
s Mflh%%’é? 48 e EARRL 08 WS Sl ACHRMROE, it RBRSENE
term na: cdu,pledf]tb elgd pdmlshpplydum eiildta)set:d&ﬁi gomfwﬁd]n'p leectvically b‘buple‘ﬂ’ m the
termnal to the ralntermn Mi, and its te te n ate

t er mi nal jugstigypiormgd bydhe deigy t?imaliwas pEMY pnd M“@qume the firgy g %@t 619

coupl ed i m nal
is el ec%vzrr?bglg% ﬂﬁ%ggﬁng{?ﬂ{%ﬁ{aﬁ £1f)omr‘§}é%8g%:ﬁﬂe f%??et%gﬂd alt% z)p t&glr{rrlr(lgﬁeglbﬁ?o t he
gat e t er(firstaks c:ld’)seM MO dnabublis a dirge pizé MOSKFET. For ¢xtaenple, dhapdseingicnabnta$ Mb.

ML and I\%Or%gmthe first current mrror. M and M2 are sized 1000 tines
| ess tha

[0036] The biasing transistor M1 is a PFET, where its source terminal is
electrically coupled to the power supply VCC, its drain terminal to the drain terminal of
M4, and its gate terminal to the gate terminal of M2. The gate and drain terminals of M1 is
electrically coupled. The feedback transistor M2 is a PFET, wherein its source terminal is
electrically coupled to the power supply VCC, its gate terminal to the gate terminal of M1,
and its drain terminal to the drain terminal of M5. M1 and M2 form the first current
mirror. M1 and M2 are sized 1000 times less than MO.

[0037] M3 is an NMOS, where its drain terminal is electrically coupled to the
current source which in turn is electrically coupled to the power supply VCC, its source
terminal to the ground, and its gate terminal to the gate terminals of M4 and M5. The
current source provides a reference bias current to the output transistor. The drain and gate
terminals of M3 are electrically connected, forming a diode configuration. M4 is an
NMOS, where its drain terminal is electrically coupled to the drain terminal of M1, its
source terminal to the ground, and its gate terminal to the gate terminals of M3 and M5.

M5 is an NMOS, where its drain terminal is electrically coupled to the drain terminal of




[0037] MB is an NMOS, where its drain termnal is electrically coupled to
the current source which in turnis electrically coupled to the power
supply VCC, its source termnal to the ground, and its gate termnal to
the gate termnals of M@ and Mb. The <current source provides a reference
bias current to the output transistor.11The drain and gate termnals of M
are electrically connected, formng a diode configuration. M is an NNCS,
mhere i tynd -nal . i r of
vt s PRolPidbroe bR o e Fiold by ot RLA 0 2 I LR TR P
tern1naImMomAﬂBAanﬂdmﬂSﬂnﬁBhESa@ndbhﬁﬁnnwhefe |ts drain termnal is

Che or oddeeel and | 10ge NGRS Hre 16 e campel Selsialk COPRBOIETA NG,
M4, and M:}nf:ng{ BF Me igeoand f{gfn‘ﬁmo Fﬂe dér@ﬁnd [ ngé %A\@ tdi$hif) tbu\(@m%’ﬁ%f eits

draln termnal 1s électrica cou to th term nal of , its
sour ce twhichmaturhds ¢lhetrigalucahplaing the fungtiowe of teniraialtetnunalhef Mﬂ/merS whi ch

in turn lectrically c | ed othe unction.,of the drain term nals of
M2 and nthefwg&r%*ﬁﬁr%an&r&ﬁe%{om% SREIFOBHCT or m ¢ he dr ai ni ng modul e.
[ 0039] QF]her € 'No@rt%fed%d%ﬁvhi’eﬂei b%?%!;d\!j\ﬁn%ﬂ & tHeh@pé?ﬁ%@bf e efst t he
fast switching circuit as shown in FIG 3 en CLK the gate term nal

of MO i sswitshitecdiedit as @htmelrpBMbB Nippl GLK/EQ, th?ﬂgateetmnmal afhdo gwadzcmn@cighm tors

VD o SR PRGT Ot Thrkite R e opuofie htarh o SOl RaT ="

connect egh & rénPPassihpGhd @mp@tftratrﬂagtdﬂmo n.et, MOMisNained Off. MV ha @LM4T1 \mege@e t he
voltage at the junction is designat ed the bi asi ng volta However, as

t he gat eterraiapbefiM@ isscogheqirl @rtben&lrcg@n ahihe éra@wte@nmais @M?MM%W@@ the he
t f £ VCC t
car T 0t SE B TR e e AP b Ot e

i nput ofcatpbatdmwemefre 1@ praviousid chai@écstof‘ee@pﬂcﬁleunaﬁmm c&‘lM&\rcdldnoc ause

Mo to turn on to the pul thegﬂate of MO towards ground until M is . turned
on agai Pl the voltaggat dewaste agMlatromnECh; tasY hipstastanggesiX/p As\ghessultoME ds t ur ned

on, (03 I h. The
R R e S A S L
preset biyetlakisngwilh¢amse Mistodarmadn orthepull the gapasfavie tewardobrdid uil Mads M .
[0040] Now referring to FIG 4 there is. provjde hepat.i c di agr of a
Swi t chi TIEG SRBILLIHERE VAlRSS ¥ 4 biasing Yaliasg Ve o VB s Fhe SR 3R ¢ o
the presgfif be turned offas the input of the inverter is pulled high. The gate voltage of MO will

then be at the biasing voltage Vb. The Vb can be preset by taking into consideration of the
parameters of M3, M4 and M1.

[0040] Now referring to FIG 4, there is provided a schematic diagram of a
switching regulator comprising a fast switching current mirror circuit of the present
invention. The switching regulator 40 comprises a fast switching current mirror circuit 42
that is controlled by the clock frequency signals 41, and other electronic components 43
that channel the current to the load such as microprocessors. The switching regulator 40
may be employed in any electronic devices operating from DC power supplies that require
fast switching current mirrors. The common electronic devices include PDA, MP3 player,
notebook, and computers.

[0041] It is to be noted that the fast switching current mirror circuit can be used in
applications other than the switching regulator. For example, the fast switching current

mirror circuit is applicable to any high side gate voltage limiting or controlling PFET



invention. The switching regulator 40 conprises a fast swi tching current
mrror circuit 42 that is controlled by the clock frequency signals 41,
and ot her el ectronic conponents 43 that channel the current to the | oad
such as m croprocessors. The switching regulator 40 may be enpl oyed in any
el ectroni c devices operating from DC pgwer supplies that require fast
swtching current mrrors. The common el ectroni c devices include PDA, MP3
pl ayer, . ] t ast
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the swi trepilagr,raadticaliler . For exanple, the fast switchi ng current m rror

circuit is applicahle to any high sid ate vol tage | i |n or controlling
PFET 12 [ ent, eVgile thg Prsper inratop P%gbﬁt‘ifhd&&él eft Pt e ahRbE

(e 9., huplodiRuRs ﬁ%? be BR@SEtbod ftﬁag%ét a{bodgﬂ&té bR 11u}§ﬁau&e09[4c}?1ha‘(“@ﬁé e the
present 1nvention een describ erence to particular

enbodi nmexbpes dftthavepdented claideras¢ aotdsot lvatted. haltenmbidek ereladsments of tHeyseseat i ve

and that. t he, s of ded cl re not so.li |ternative
ebodi et <ign TeRE et Far (Y BERERGor pl BB fpran Kot By eI | on
and wi | |sk'ﬂ?1rﬁﬁﬁaeﬁ’€ﬂ)t whféhttﬂé’ﬁﬁ‘es&ﬁ‘&h%tféhcﬂe%fr% Sth |alte1'natet &8bMikehtd aydi ch
the present invention pertains. Such al ternate enbodi nents are considered

to be enoosdasddd baienhompadsed mtbpeﬂmfscop@obonm moudf of the apppatedeadaivisai ns.

Accor di ngl .the scope of. t he sent |nve escri t he.
appendedg%‘%lmlﬂgyaﬁlﬁ Spgpe Ogﬁlbepﬁﬁggé‘gnﬁ’fn?%lsf &89:‘]’6 tﬂ“e %Edid% }lllséll_lillﬁvs What
I s clai e@pdreed bl théMdrasdinSWesehptidid current mrror circuit for providing a
fast-switched | arge current, conprising: an output transistor that is a

| arge size to source a Iarge current output; a current source configured to
provide a mrrored current as a ref }t_‘ ]tg,ﬁbi as current to the output
transistor; a first current mrror ically coupled to the gate

term nal of the output transistor, wherein the first current mrror is so
configured that it provides the biasing voltage to the gate term nal of
the out p¥Pakip gesnedisi; a feedback sub-circuit electrically coupled to the
first current mrror, wherein the

1. A fast switching current mirror circuit for providing a fast-switched large current,
comprising:

an output transistor that is a large size to source a large current output;

a current source configured to provide a mirrored current as a reference bias current
to the output transistor;

a first current mirror electrically coupled to the gate terminal of the output
transistor, wherein the first current mirror is so configured that it provides the biasing
voltage to the gate terminal of the output transistor;

a feedback sub-circuit electrically coupled to the first current mirror, wherein the
feedback sub-circuit is so configured that it will receive the feedback signal from the first
current mirror to sink the current from the gate terminal of the output transistor; and

a second current mirror electrically coupled to the output transistor, the current
source, the first current mirror, and the feedback sub-circuit, wherein the second current
mirror is so configured that it provides the current source to the output transistor and sinks
the residual current from the gate terminal of the output transistor when its ga‘ie terminal is

at the biasing voltage.




f eedback sub-circuit is so configured that it will receive the feedback
signal fromthe first «current mrror to sink the current fromthe gate
term nal of the output transistor; and a second current mrror electrically
coupled to the output transistor, the current source, the first current
mrror, and the feedback sub-circuit, 4gherein the second current mrror is
so configured that it provides the current source to the output transistor
and sink th ' : : ; rdyl

ransi ot 5 wndit FLSpRufiy Ehenk niBFLhR: gt ELIHOA cciorsl®a Bl B g,
fast sw sebhdglockiswiteltes womfigurediorconirdl thé gate abhagks of thetduegrut cemgstorses a fir st
and a second clock switches configured to control the gate voltages of the
output transistor. 3. The fast switching current mrror circuit of claim2,

wherein ghe oy} Pyl L@MBASELR ent fhirrér FFGER of MAEHS Yhifedn BRWL tgrlgﬁsri@tmls i's

electrically coupled to a power supply, and its'drain termn to an input

of the oaPphl, whercanits somerteinninglhe efecrstlly tapkedstniat ptwer supilpcindiits alrdiy

di sposed, bet ween t.he p r suppl nd the gate term nal of the output
transi stmlrﬁ@rﬁntlﬂgutﬁ%\i\@toﬁl“@&%g ptch is on, the output transistor is
turned of f fo{nhideth Watiest\CRIckadfich & debili@dly Wispbed RewRIAYRE B&u&muyply%ﬂd _
wherein the second clock switch is electrically di sposed between the first

current thei gatotermmehl tof dheyauput dansisiat; when the fingt plotk swatak iis por the wivgptt he
second clock . switch js..on,. the oqutput transistor is turned on for its gate
Vol tage. IS btel i B it ety R n UG o b ol B bR REEEL L ene 1 e Por
wher eby the fivhefeitié sseaRNElotit HWitcIS M dlEdteSallyCTisPRed BETNEHEIN fifsy cSitéritCh
pair, i.e., whenever the first (second) is open, the second (first) is

cl osed. mirrqihang ghet gaeermifiah gt thgrausmt tiansister; véhiendhe second elogk swvEch i@k ei n
the firsp . c ] r rg j.aslin ] ck
transi ot 5 T Han ok S b TRor S sBe o BN MIPLTBATE (R B FERRET S
PFET; whef ik firitherrsmunie@rt er mi nal s of both transistors are electrically
coupled to the, power supply, the gate termnals to each other, the drain

ternminals to VReeBegsdistandrsesind dedsritchemigriyesraiplerientany sieh BHE 1Gat e
e oL M T OB s SheRrgally commecte s thal
term nal of the biasing transistor will turn off the feedback transistor
that in El.ur n Il"ﬂé Pasét sC)vl;Illtching current mirror circuit of claim 3, wherein the first current mirror
comprises a biasing transistor and a feedback transistor; wherein the biasing transistor and
feedback transistor are PFET;
wherein the source terminals of both transistors are electrically coupled to the
power supply, the gate terminals to each other, the drain terminals to the second current
mirror; and
wherein the drain and gate terminals of the biasing transistor are electrically
connected so that when the second switch is on, the pulled-up biasing voltage at the drain

terminal of the biasing transistor will turn off the feedback transistor that in turn turns on

the feedback sub-circuit to sink the current and pull down the biasing voltage.

5. The fast switching current mirror circuit of claim 4, wherein the feedback sub-
circuit comprises a draining transistor that is an NMOS, and an inverter;
wherein the inverter is electrically coupled to the drain terminal of the feedback

transistor and the gate terminal of the draining transistor; the draining terminal of the



t he feedback sub-circuit to sink the current and pull down the biasing
voltage. 5. The fast switching current mrror circuit of claim4, wherein
t he feedback sub- circuit conprises a draining transistor that is an NMOS,
and an inverter; wherein the inverter is electrically coupled to the drain
term nal of the feedback transistor aad the gate term nal of the draining
transistor; the draining termnal of the 14 draining transistor is
electric i asl r i tO
The. or oL ng QHRKES: L 81kl Bbte K B el B A Sl TR o) 2
tran5|stﬂwgm@thambd off then the low input of the inverter will turn on

the draining transis unt|I e biasin vol t i uIIed down ugh to
turn on the fEUEER HER Siforesp hlgglaﬁwtcle% %@q%&%@t ?“Hblséﬂmeéﬁ‘?f? mrror
circuit @1fen°ch@'16(lz LWQ)? é nn\;e%':r %ﬁfl\l/ogq} &4 rt]ﬁeeﬁltalm T iaQistoP TRkl #RSbid 15% rst

NMOS, a second hi rd orm ng rrent mrror; ein,
for the Voéltage 13\1&11])8;1 doWs edowghtottmmmmhé feedbz@keransmtoahga]n coupl ed to t he
current source, its source termnal to the ground, and its gate term nal
to the gate termnals of the second and third NMOSs; the drain and gate

termnal g of tThe st wtc}hlivg%uﬁéﬁ Bl &f&lﬁl ADclaiBPBNGRERM thfe0§e86r{l9c1ﬂ’réi11't ode
configuration; wherein, for the second NMOS, its drain term nal

el ectri califrgr mmmise@l atfrst NMOSirapavoné NWIAS), and atthied Mé@Sefokmmgamsurmrm and
its source termnal to the ground; and wherein, for the third NMJS, its
drain tePMi¥al is electrically coupled to the drain term nal of the biasing

transistor, iher®Ryfdiehd BFENMOS] s diaf FFRWASs eRcRICHRY coipléll @ithe Blvent
current fromthe gate term nal of the output transistor. 7. A switching

regul at ofouress itpsewrelfangingl fade-goinds hed ith gpigdeminaldathe gote tarmims]s of the
conpri si &:%()n x?d@nfd%vﬂs%“ﬁf | erI{i’l aarlldf %%e tels'm%na Csocﬁf?ch%g’Fsgz\H\ﬁ@rSLa?rg%}eggic?Ee | oad;

and a fast I'ng curre mrror < cul I

fast - swi &anlnededl ,do@eing adicderbnfigdhietiei;n the fast switching current mrror
circuit is ele trlcall coupled to a clock caontrol and the neans for
channel i ng soWbF&tn: Iohe teRend NMUB: itp deadn Jersnindlels lastiicadlyriaupled tgitgnal s,

it will V\glerﬂﬁnﬁl ﬁ@&bacﬁ’ rtraﬁﬂ?t@f‘%h& ﬂgs b dhebiBal @%he %ﬁ&lﬁ& ngd 1arge

current; elnt swi t chi ng Curre mrror circuit conprises:
wherein, for the th1rd NMOS, its drain terminal is electrically coupled to the drain

terminal of the biasing transistor, its source terminal to the ground in order to drain any

current from the gate terminal of the output transistor.

7. A switching regulator for providing a fast-switched large current to a load,
comprising:

means for channeling a fast-switched large current to the load; and

a fast switching current mirror circuit configured to provide the fast-switched large
current; wherein the fast switching current mirror circuit is electrically coupled to a clock
control and the means for channeling so that, when the circuit receives the clock control
signals, it will provide the means for channeling with the fast-switched large current;

wherein the fast switching current mirror circuit comprises:

an output transistor that is a large size to source a large current output;

a current source configured to provide a mirrored current as a reference bias current

to the output transistor;



an output transistor that is a large size to source a |arge current output;
a current source configured to provide a mrrored current as a reference
bias current to the output transistor; 15 a first current mrror

el ectrically coupled to the gate term nal of the output transistor,
wherein the first current mirror is sogonfigured that it provides the
biasing voltage to the gate termnal of the output transistor; a feedback
sub-circuit el golf LEAkYmERUPL gtrfc%ll&hc%uglerds{o ﬁ@ttefﬂlfnﬁp Etﬁ\%] g the

f eedback sub-circuit s so con gure receirve t ack

si gnal ftremidtbe Wheraih the dirstentrrent nrioor 1soscs cmﬂﬁguln:&i that iteprovides thet bnes1ggt e
termnal aof the out ut trglsqug tor; and a second current mrror electrically

coupl ed ¥ 1348F &0 thSeats termig OPUPHHRNSISIOF:ent  source, the first current

mrror, and thedieadbamkeini- éléJtﬁ&Hl? wgﬁea% Mhd Rt S65ORANEHE GRbrein b OF 1S
SO confl ured that 1t provides the rrént source to the output transistor
and si nkéedbdvl subsirduigls sucangiguretirtbanit Wl gative ttler fredidck signahgomuhp Gitst
transi stor when it te termnal | at the bi.asi voltage. 8., The

ot o el Eitab® R e et B 2 gal e e 3 Aoyt eb885s ol Soong
clock sw t chgseciaf dugteneehifror 6RBirically fcb@plg@tt@ tNOb P A Eaistéd) ShO bRt
transistor. 9. The switching regulator of claim38, wherein t he out put
transi st srurees the BrsETurrentivaireirnand e Jeedbeek ser-pirewl, Whereh dast m@@d Pyrrendupl ed

to a power su p m_nal out LRy
current . TeHSh ConERed b BB Thd i Riny sffedR e By il i Btiveen

t he poweme&em&lay caéht fidhe theatate fehitianat th@f)ufphetrmtsmttwﬁdhaﬂsgaﬁett@fmmmen t he
first clock switch is on, the output transistor is turned off for its gate
vol t age #idhgbiapiag valtageo t he power supply; and wherein the second cl ock
switch is electrically disposed between the first current mrror and the
gate term nal of the output transistor; when the second clock switch is on,
the out p8t tr&hsbwitohing segulatbedf clairh g ﬁluﬂSerg:ah@)rMé)d 4 dget and psdebad cidokn to

t he biasin volta},;e of the first current mrror; whereby the first and
second cPWitshes Gpn “t"dtf’&PPﬁr‘éltE%EﬁF@ﬁ]é?ﬁeéﬁ/t@\ﬂ“%‘ﬁ“B%lﬁtor i.e., whenever the
first (second) is open, the second (first) is closed. 10. The sw tching
regul ator of claim9, wherein the first current mrror conprises a biasing
transi st 9r antha sivitebingciegtilatmsofStlaim Syheliarein theeoutpasiragittoraizsa PEHT, and

f eedback . o . . . .
wherein its source terminal is electrically coupled to a power supply, and its drain terminal

to an input of the output current;

wherein the first clock switch is electrically disposed between the power supply and
the gate terminal of the output transistor; when the first clock switch is on, the output
transistor is turned off for its gate voltage is pulled up to the power supply; and

wherein the second clock switch is electrically disposed between the first current
mirror and the gate terminal of the output transistor; when the second clock switch is on,
the output transistor is turned on for its gate voltage is pulled down to the biasing voltage
of the first current mirror;

whereby the first and second clock switches form a complementary switch pair, i.e.,

whenever the first (second) is open, the second (first) is closed.

10.  The switching regulator of claim 9, wherein the first current mirror comprises a
biasing transistor and a feedback transistor; wherein the biasing transistor and feedback

transistor are PFET;



transi stor are PFET; 16 wherein the source termnals of both transistors
are electrically coupled to the power supply, the gate termnals to each
other, the drain termnals to the second current mrror; and wherein the
drain and gate termnals of the biasing transistor are electrically
connected so that when the second sw gh is on, the pulled-up biasing
voltage at the drain termnal of the biasing transistor will turn off the

feedback t ranghaLRr okNBludeNlchfls o B Athngls LRECRBEIATY RoBRIERYD tnd © ST nk

the current an I'asing vo ng regul at or
of cl ai npakier smplﬂryetha datecteframd baokeashu bther, rther rdtauc emindes the sdeaidndungnt
transistor that, is an NMOS, and an inverter; wherein the inverter is
el ectri CBITS; #upl ed to the drain terninal of the feedback transistor and

the gate ternjpabiy {het(ﬂ%‘rpﬁ@d %5&9 B §P & btaéﬁgd%arswtma&ea&tn@tu}pf the

draining transistor I1s e ectrrca y coupl e to t Iasing voltage; "and t he
sour ce temnedied sd that when gle-umnd switthvik engtha pulldtenp btaemgembtagb ailtbclzlrasw tch

is on, the feed transi st or tur t hen .t he | t of the

| vert ert SRR G DSHEA e a1 T gt e rersbagk ATt ] SRR R0t age i s
pul | ed Qﬁ&‘@eeﬁﬂé&k&hbkﬁcﬁﬁfoﬂsﬂ@th’eQﬁn&ﬁ%@%ﬁh dbivaTR GihQhg dGiRge: 12. The
switching regul ator of claim 10, wherein the second current mrror

conpri ses a first NMOS, a second NMOS, and a third NMOS formng a current

mrror; t he st il L dran m,na |s Iectrrcally
Counten 151 nbi ayifdhie aualor o (R 10p i he il Shits Sooitrd B g s
gate terd‘fhiﬁﬁigtEé?rsistb‘?tmlsQa,ntNMOSWfahéaﬁ)fnth& second and thl rd NMOSs; the
drain and gate termnals of the first NMOS are electrically connected

form ng a di oveereidrthe guvesier dhelegipispldy pourerdt tor the dseiadaaninnics, the tfeedbaek n
term nal trén%ts% ectdr th% %tey tefi all %? tfl(? EaI?l%Pﬁ qta% 1@to&],§{h@a&r}§ nn\%g] ‘ée?rgllfrhal %?gfji@ ‘h

t ransi stor,

third Nl\dﬁmngttsarﬂrswrﬁs éledstaibﬂw cd@l@tlteaher tneahg yokapep hietlthe Gotifee tettranad to
term nal of the bi asing transistor, its source termnal to the ground in
order t ohegeurdgand current from t he gate term nal of the output

transistor. l@her@in”% of REodPSbciS W rd s, ﬁ{) afgedt)ldﬁlg ?IQIIISIﬁblr shme@oftS 1O

provide a fast-swt Iarge current to d conpri sing:
then the low input of the inverter will turn on the draining transistor until the biasing

voltage is pulled down enough to turn on the feedback transistor again.

12.  The switching regulator of claim 10, wherein the second current mirror comprises a
first NMOS, a second NMOS, and a third NMOS forming a current mirror;

wherein, for the first NMOS, its drain terminal is electrically coupled to the current
source, its source terminal to the ground, and its gate terminal to the gate terminals of the
second and third NMOSs; the drain and gate terminals of the first NMOS are electrically
connected, forming a diode configuration;

wherein, for the second NMOS, its drain terminal is electrically coupled to the
drain terminal of the feedback transistor, and its source terminal to the ground; and

wherein, for the third NMOS, its drain terminal is electrically coupled to the drain
terminal of the biasing transistor, its source terminal to the ground in order to drain any

current from the gate terminal of the output transistor.

13. A method for fast switching of a current mirror so as to provide a fast-switched

large current to a load, the method comprising:




17 turning off an output transistor that is a |large size to source a |large
current output by electrically coupling the gate termnal to a power
supply and di sconnecting the gate termnal froma fast switching circuit;
and turning on the output transistor by electrically coupling the gate
termnal of the output transistor to17he fast switching circuit and

di sconnecting the gate termnal fromthe power supply; wherein the fast
switching Ci riglihg GRTRILARAP winsEHiT RS 3 HELE-CQNOLANLIESL CuRl Vi By
mirrored current @s a reterence bias curr to the oufgput transi stor; a
first cuelearitally coapling thet gdte dd¢rimindoopd edwep supdy gatlelis@nneailg the gdte

out put transi ransistor is turned on, wherein the
first cu'ﬁe%’r’??lsﬁr?lpta St Sg"ltﬁg‘ngBH?ng&Pé that it provides the biasing voltage
to the gate tﬁfﬂhg%h 1Rt ohﬁﬁt Adh@stbr bwmﬁéaqa@,co%pﬁ%d&ag&e $Hhrifd] ' FUhé
electrically coupled to the first current mfror erern the feedback
sub- ci r celtputi tsansxstoa: @mhejast@dvmhmg dircuigiahd diseewsieping thecgativigtking} Gemithe r om
the first current mirror to sink the current fromthe gate term nal of the
out put tFEREPS gli’lg and a second current mirror electrically coupled to the
out put tran5|@h&emth@gs@mﬁ&mgc@qurcgmpngége first current mrror, and the

f eedback sub-circuit, wherein the second current mrror_ is so configured
that it provi ajetg'rqnhéourm eanficurdUip peovids & mirrerad puirent ea A sefstense biaycwreiks t he
reS|duaItc[H ﬁpﬁt n%the gate termnal of the output transistor when its
gate terminal A %e bi asi ng voltage. 14. The nethod of claim 13,

wher ein the fa fifst coudnt @fitrontledtaitalyasmupled es tie dateaginligal dfitansutphiaranaisidr a

feedback transistor; wherein the biasjng transistor and feedback_transistor
are PFETWhethEieequipytieansisinr de tirasdomarierein the fi5stiGUERRY BYTENTSS 4p COBTIEHEd | cal | y

coupl ed chQ ﬁ B{%h 1&9%&%4{}?%{1&‘5%% I&?thg%taf% tEI%IiIHL Qﬁltﬁe 519 ?I%HSI Bper the drain

term nal s € secon rre ror; V\/nerel rdin and gate
termnals of i If@dbmﬁ@mbgmtc:uﬁr&t&@rﬂ@ﬂlyamapbﬂ&cttha ﬁast kyrrert oninec,t whersin thbat t he

pul | ed-u Itaeat rain rmnal i stor
WI | | tur% ‘g IS(tsl'=}g qréé’ébgﬁ‘kc‘f’% cdsthat ltt { TP VE ﬁr d&’ﬁﬁﬁ%‘gﬁ f?‘ﬁ'@ #‘eegﬁ‘%ack
sub- ci r cYjrtent bifrrsi BkidkNBe EE® ﬁjbn?t'ﬂg gl AR iR UBhA BlaRdst¥R lah@ge.

a second current mirror electrically coupled to the output transistor, the current

source, the first current mirror, and the feedback sub-circuit, wherein the second current
mirror is so configured that it provides the current source to the output transistor and sinks
the residual current from the gate terminal of the output transistor when its gate terminal is

at the biasing voltage.

14.  The method of claim 13, wherein the first current mirror comprises a biasing
transistor and a feedback transistor; wherein the biasing transistor and feedback transistor
are PFET;

wherein the source terminals of both transistors are electrically coupled to the
power supply, the gate terminals to each other, the drain terminals to the second current
mirror; and

wherein the drain and gate terminals of the biasing transistor are electrically
connected so that the pulled-up biasing voltage at the drain terminal of the biasing
transistor will turn off the feedback transistor that in turn turns on the feedback sub-circuit

to sink the current and pull down the biasing voltage.




18 15. The nethod of claim 14, wherein the feedback sub-circuit conprises a
draining transistor that is an NMOS, and an inverter; wherein the inverter
is electrically coupled to the drain term nal of the feedback transistor
and the gate termnal of the draining transistor; the draining termnal of
the draining transistor is electricall8y coupled to the biasing voltage;
and the source termnal to the ground; and wherein, when the feedback
transi st os i SThUMRAIO clatn @0, FMErelPWel ﬂ@@dﬁaol@fsuﬁjaﬁrcuﬂt QMﬁﬂph%s AMitainihglr N on
the draining transistor until the biasing voltage is pul down enough to
turn on tirsistadbtacin NMOS,iantlen iexgaiers. 16. The net hod of cI aim 15, wherein

the second curgent pirror. co i ses,a firs eco

thira s forhen Beahforshal BleeFERuR hishEd jo MePaipitePRmALE AR tFE G i
t er m nal trhigsigbresdd theaddty tatipdiesdt the dtrﬂﬁm@wrra&@mor foldeting t&nidl oFehe
termnal to the ground, and its gate termnal to the gate termnals of the
second afi@ining frensigtangs eleetisally apuplechie thabiasing veltags; gngﬁhet JeurcpiterstinaieOs ar e
electric YourGPRnect ed, formng a diode configuration; wherein, for the
second l\@fﬁ Y% ai n terrri nal is electrically coupl ed to the drain

term nal of tR#Befasdbiagkiber RBgbaskafansRid ik tterne@WIEethbe i fal ifguttdfehgr ound;
and wherein, for the third NMOS, its drain term nal is eI ectrically

coupl ed tn(Yelft‘PTéVléirtHIanft the draining tgnsisteunfilibs bigsing xakagstis pullsd dovarenough

t erm nal drain any current from the gate

term nal too eth ?c]étt?hél(r%%}%gt %518 17. An el ectronic device conprising: a
m cr opr ocessor vmth a conput er-readabl e nediunm and a fast sw tchi ng

current mrror, circui onpfigured to, provide fast-switched | arg current
to the n‘?@rop?%‘?;é‘?é]b‘?é ga[%m t*l?’n‘@ ergfh @Gt%ﬁ?ncf PRAGHSTEFOT FRIEPES 3 (Y

Size to N%§%s%cﬁ1@ﬁl(%”ah&9%h1?&‘il§k§8 f&n@%géaﬁirerﬁﬁﬁ%xe conf i gur ed to

provide a mirrored currert as a reference Bias current’ to the output
transi stor; awhemest fcmihe &rst NNOBpits édagrcterminall ik y:lectmpllgdompied ﬂwethg etireent
terminal of the out

tran stor tein the first. curr isS so
cont | gur 87545 SPHChIoTHLES Tree Biiss ARGHS sBie (TGS CHELHATE T ATte o
the out pgHcohd 8AE BIdONMOSs; the drain and gate terminals of the first NMOS are electrically

connected, forming a diode configuration;

wherein, for the second NMOS, its drain terminal is electrically coupled to the
drain terminal of the feedback transistor, and its source terminal to the ground; and
wherein, for the third NMOS, its drain terminal is electrically coupled to the drain terminal
of the biasing transistor, its source terminal to the ground in order to drain any current from

the gate terminal of the output transistor.

17. An electronic device comprising:

a microprocessor with a computer-readable medium; and

a fast switching current mirror circuit configured to provide a fast-switched large
current to the microprocessor, comprising:

an output transistor that is a large size to source a large current output;

a current source configured to provide a mirrored current as a reference bias current
to the output transistor;

a first current mirror electrically coupled to the gate terminal of the output
transistor, wherein the first current mirror is so configured that it provides the biasing

voltage to the gate terminal of the output transistor;




19 a feedback sub-circuit electrically coupled to the first current mrror,
wherein the feedback sub-circuit is so configured that it wll receive the
f eedback signal fromthe first current mrror to sink the current fromthe
gate term nal of the output transistor; and a second current mrror
electrically coupled to the output tra@sistor, the current source, the
first current mrror, and the feedback sub-circuit, wherein the second

current mr ré)feehﬁaciosu%%ﬁ{giuﬁ léﬂeﬁ:@héa'ﬂ?f‘cghglleg KO YOSt EltGer Whi@RIwhRQLhGRe t O t he

out put transistor and sinks the reSidu current fromthe gate term nal of

t he out pfeedbackssb-sirorit istserconfigungd tleattiewill reative the faedhabk sighalsirory thofitshge.
18. The el ectroni c deyice of aim 17, wherein.the fast sw.tchinhg current
i rror T PP o B i SR e Ate S Of el Rt D ches
configured t 0y g&udhE VurichemddCele¥Pichidg 86uféd td1ecOstitpitt tridspsisii SHeOkurreh®. The

el ectronic device of claim 18, wherein the output transistor is a PFET,
wher ei n sdures, Sreukinse caregniinmiator,i andethe deqdbaek sup-etaui) aterein thepwseend euppty, and

its drain.ter.m 0 i-nput . of the output curyent: rei . flrst
ol ook oA ed Binelrined B4R aili Bl Bl Habe Bliat Ll hESinls fe
gat e t eriieRédiduad clirfiét BohPthe ghfeaBmhiBAlsT, tha\b@Put thsistor het 9 Ghiteentiasl ik s on,
the output transistor is turned off for its gate voltage is pulled up to
t he povw%tt%b‘ml?gv‘almemherei n the second clock switch is electrically

di sposed between the first current mrror and the gate term nal of the
out put transistor; when the second clock switch is on, the output

t riansi st D8.f [ sﬁhwﬁlaﬁﬁbr@mdéme oftdaigal B wmkéiﬁ@tbb fiast hsp.tidchmg odﬁmd mﬁrdrhgci‘ni:t asikng
voltage _of the first current mrror; ere the first and secqond cl oc
swi t chesfWehcampEsss & st ahd) 2 siRpe 0b\§12rswlt°¥es Fonéﬂ#@ﬁ‘i\?‘é@?ﬁ@? e gite
(second) (first) is closed. 20. The el ectronic device
of cl ai ﬁdf%g%vﬁ;?%?ﬁs?ﬂg&ﬁgggt current mrror conprises a biasing

transi stor and a feedback transistor; wherein the biasing transistor and

f eedback, . tr istor are PFET; .wherein the _source. ter.m nal bat h .
ranarorbe ol ShStantd Sexide prlimy 16 Whstoin R L gt 5 o PHE Sifegein
;ﬁgmégal s §&1r@@féﬁnﬁiah%releétﬁ@a1@f &Juﬁ}léd%fﬂ 151&11& shﬁpl%r,h@ncﬁf?& Qi G0 afl 11 Or;

input of the output current;

wherein the first clock switch is electrically disposed between the power supply and
the gate terminal of the output transistor; when the first clock switch is on, the output
transistor is turned off for its gate voltage is pulled up to the power supply; and

wherein the second clock switch is electrically disposed between the first current
mirror and the gate terminal of the output transistor; when the second clock switch is on,
the output transistor is turned on for its gate voltage is pulled down to the biasing voltage
of the first current mirror;

whereby the first and second clock switches form a complementary switch pair, i.e.,

whenever the first (second) is open, the second (first) is closed.

20.  The electronic device of claim 19, wherein the first current mirror comprises a
biasing transistor and a feedback transistor; wherein the biasing transistor and feedback
transistor are PFET;

wherein the source terminals of both transistors are electrically coupled to the
power supply, the gate terminals to each other, the drain terminals to the second current

mirror; and



wherein the drain and gate termnals of the biasing transistor are
electrically connected so that when the second swwtch is on, the pulled-up
bi asing voltage at the drain termnal of the biasing transistor will turn
of f the feedback transistor that in turn turns on the feedback sub-circuit
to sink the current and pull down the2Bi asing voltage. 21. The el ectronic
devi ce of claim 20, wherein the feedback sub-circuit conprises a draining

transistor thghebih 8RR MMESandRdicAfrinthagd Bﬁ rthe ‘Mb@fn%' @aﬁsmoﬂ a%ea&@thcmy
electrically coupled to the drain term nal of f eedback transistor and

t he gat econgedtechsd thaf wmh@tmsapcmdm;wtcbamgnstthorpullcdrep biagingivielfageatithedrainf t he

cour oo PErHRAGY 06 bidshe RS bies AE Ri el ek Moot OT bRt 8 oo

is on, tth@ fdcapstiraek-dikcan s Shiotheictrrbst A8 Guflfdown thé'l&ﬁsm%eolltégw i nput of the
inverter will turn on the draining transistor until e biasing voltage is

pul I ed down enough to turn on the feedback transistor again. 22. The

electronic d I r ri ses
oo o e el 0 SR A% SRCRIRAN SR R
wher ei n, drhing tRehsistor shiat MAISNMOS; add ah invegteryi nal is electrically coupled to
the current source, its source termnal to the ground, and its gate

termnal to tyhergh etnysrenay slegfricalie coupled tythgrirainHermainpveisde fegbagk aj n
and gat f t I of tREM Ng a
i ode cor BT AHEE edhd foridel ot WP R Re AES G an B REBRE o 8 T, ¢

el ectri cabinmgcmmis&d it elettmeallydcaiphed terthe biakingfvoltiye; ﬁmbﬂllea;okrce teansnad tor, and

its sourtile tel’Hl nadle to the ground; and wherein, for the third NMOS, its
drain t HaRCi % ectrically coupled to the drain ternminal of the

bi asing tr a”%ﬁ%}r@fn: wheS tl?eoééE&’fd él‘é‘émxﬂﬁéh fscbnt fife GEspARL tﬂaﬁ‘slé'-t&dﬁrtuxtn@d dg@i n any
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22.  The electronic device of claim 20, wherein the second current mirror comprises a
first NMOS, a second NMOS, and a third NMOS forming a current mirror;
wherein, for the first NMOS, its drain terminal is electrically coupled to the current
source, its source terminal to the ground, and its gate terminal to the gate terminals of the
second and third NMOSs; the drain and gate terminals of the first NMOS are electrically
connected, forming a diode configuration;
wherein, for the second NMOS, its drain terminal is electrically coupled to the
drain terminal of the feedback transistor, and its source terminal to the ground; and
wherein, for the third NMOS, its drain terminal is electrically coupled to the drain terminal
of the biasing transistor, its source terminal to the ground in order to drain any current from

the gate terminal of the output transistor.

23.  The electronic device of claim 17, wherein the electronic device comprises a

computer, notebook, PDA, MP3 player, or microdrive or other hard disk drive.

24. The electronic device of claim 22, wherein the electronic device is a microdrive.



