1 CGRCUT AND METHOD FOR FAST SW TCHI NG OF A CURRENT
M RROR W TH LARGE MOSFET SIZE 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
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[0003] FIG 1 shows the schematic diagram of a simple current mirror circuit that

has a Jarge PFET providing a large output current of 50mA at M0 to power a load. When
CLK =0, the gate voltage of MO is pulled high (up to VCC) to switch off the output current
TIo. 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 voliage 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



[0004] FIG 2 shows the schematic di agram of anot her
current mrror circuit that is simlar to the one
shown in FIG 1. This circuit conprises a buffer
anplifier and a smaller sinkptransistor. The buffer
anplifier Iim'ts the current discharged fromthe gate
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e present invention, there is provided a fast

swtching current mrror circuit for providing a

fast-switched large current. In the enbodinent, the

fast switching curr&ﬂmmmefﬂlﬁdﬁﬁﬁlﬂ%@s an out put

transistor that is a large size to source a |arge
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curér® 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



bi asi ng vol tage. I n another enbodi nent, the fast
swtching current mrror circuit further conprises a
first and a second clock switches for controlling the
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[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



wherein the inverter is electrically coupled to the
drain termnal of the feedback transistor and the
gate term nal of the draining transistor; the draining
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[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



transistor that is a large size to source a |arge
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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
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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.
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residual current fromthe gate termnal of the output

elegtrepdlyseamplediierihe pate tyyatiraltodithe nalpui ansistorh evhbrm thmgﬁrst current
RS PRy R R PAPHATEs SRR R Bt DR bR or e cupu

trdnsians; &Sfe@ﬂb&l‘cl duiciragodlaalicdllyaidabRl 96 the Wit @kfdnt MBror, wherein the

%bg [ nl%btransn stor and feedback transistor are PFET:
fe Erup-pRaIkis se @énfti&lrrﬁﬁl that & sl 1serive theéngib@t:lo signalrfeom the first

cuﬁleﬁtcfrﬁllrfna{ol é’ink? f%l n% g%gﬁgnm%siﬁ@ ng%fytgf: %ﬁlgswtm and a

termnals to ea
segetlonurent ot eimtrlc:{lly C(aipdedv\doethe lobtpirh Gaki @b tis’rm@hr&ﬁl Source, the
term nal s of [ electrically

f t he b{e@ gtransLstor are i _
IGHSEL BSh Apfhdie ERRDHSR BTGB OB P AGhe SHePRY EUBENThEror is s0
coBfiglrBd 4Rk P giedid & the taﬁl“re:nt 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



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

bi asing voltage. [0018] In ang her enbodi ment of the

met hod, the feedback sub-circuit conprises a draining
rter, i.n

_ IS that s an NMOS,  and an i wher ei.
(eI eb 't o P tempies P Kyl Bb o e dpaet 1 puled up o
theepowaralipsly; dndevtieegflBacdechiPdlotisivatchabdlebtiRa8AdiSposed between the

termnal of the draining transistor; the drdinin

frdrwinsal maror ped theaatd iegminahas thetcmit drassistor; rviceal tlgw second clock
I t I asi.ng: voltage; .and the urce
SFRURLE e bl BhASHASC/ ARG PR dRCHIRHE Faultsen o e
biasaugsvaltage of shd firsnedrrerif mitdre wHehdyl BWirgtid REorddElock switches
f| nverter Wwll turn on the draining transistor until
U2 SPERISTENBY sAgEhireirp e, ddhenexan than Busg isecond)us epem the second
(#iR8 if @gdback transistor again. 7 [0019] In another
enbodi nent of the nethod, the second current mrror
[0882ipr i ses In andthersémbbdiBiena of €égoeldchdATE deaind, et fitist Burrent mirror
NVOS f or,m gl?gaa currenh rrt] rror; wherein, for _ the first,
CRREIE S i Waseair St A 4 fesdbagh wansisieravibyredm thei iasingofransistor and
fdeliBaddU bR bt0f QW PEET: LWL SRI Bf s&tﬁ%@t&%in&@ dfBoth, transistors are
ground, and its gate termnal to the gate termnals of

clepisicaBy wadplddotthe moweNNOBsly, the gelteaermamall gataeh other, the drain
rically

rmnals of the first NMOS are. el ec )
L BIRL Rde Fei THen fl’d?fBH@ngo‘ﬁ??r@&r%? iEHR AA A fgrminals of the
bibsihg th@sBesanel eNRalll LednHE@ED sb 8hdT Wikn 11R second switch is on, the
electrically coupled to the drain term nal o? tﬁe

pylicdapmbiesipg Fiekirgs o the gleiniterigauictbe théasirignadnsistort Wil turn off the
: in,. for the.thir MOS, .its.drain
(eSO A0 HRER b ot on BE bR D v foSfl e Lurrent and puil

ddvar thieibédsingfvoldage. bi asi ng transistor, its source
termnal to the ground for draining an current from

0P3 gat e Inetnetheaiendrodiment aiftthe eleckanisi devise, teoedijack sub-circuit
i ; t _lnventian, there.Js. .
PSR e P Rl 5l NS, b YEML B vHERE thiverer i
claftect lyaniupled v theelrain ngfriisa f thefeed 2Pk QERSKOF andWhé Batd terminal of
SO ut er-readabl e nedi um and a fast switching current
theGrgme frRrgiter: 118 dsriginediengina of dhe dsginingnansisieyés electrically

cobipleli 89ihd Bialile vBIGIOREPAR |10 bR O ‘
t?ansi st or tlhgtV HI| ége’ a (Far zséggc‘;eg g&g{g&s%ﬁ%%mggﬁ’aérh&g» ﬁerem, when
the s¢aoed tclavktgwitch isoouhe deddbadutrassistonit itguieé @ff, chaprdy i@le input of
th&i mrrored current. as.a reference _bias.current to the
SiRvstet FLTePr e i ransi oMl e pigeing voltage Ss 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



el ectrically 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 termnal of the oyput transistor; a
feedback sub-circuit electrically coupled to the first

TSl e b o R UL 2t e

gk fbh@-afdiSény dﬁ%ﬁﬁffﬁémﬁhé A tekRird! HKiht BEpGkdr8Rlor.
fromthe Sate term nal of e out put tranS|stor and a

[a028lond cudn empther remhf)deh@lﬁt off thal ¢lgcteanipldedicepthchelectronic device
t
A B R TS Bepbls o it o v

the second current mrror is so configured that it

provides the current source to the output transistor

and si nks the resiBtigh Descpiptionof thoBraviagyat e t er mi nal

of the output transistor when its gate termnal is at

the biasing voltage. In another enbodi ment, the fast
[09@6]t chi ng Peafemredhembbdinmnte bt@udingf ior thB &rese@0 iPleht6s vAll now be
dflr t ang]a econd cl ock switches for controlling the ,
vt e‘i‘/é’fl Eééfea?e {htheoliteyirs 1 s Bke referepop npmerals denote like
clehehfder enbodi ment of the electronic device, the

output transistor is a PFET, wherein its source
[W%ﬂﬂrri naI FHG d1shows itlmea:kdhyrrxauupilagnhrm of a kpowercusrtdiiphitror circuit that
ter nal to an |np§t of the out put

g R kg P o g 2t QL Gt B Pt .
[oesyct ri CaFIG’ 2 sﬁéﬁ@%%@h@ﬁéﬁ@e(ﬁ hiRQFRAVGE: lﬁ’r&'ﬁ‘\?\% t%ﬂﬂmiréor circuit

the gate termnal of t eoutp transi st or
thfii hasta latge W Edwroeidinigsn lorge aubeit outrgniof 60mAsit Mbr i s

by St ek B L 16 st St Regenf Gimor cirui

in@ke@tifnoealitlyord ﬁﬂﬁﬁiﬁﬂerﬂ@ﬂﬁ%}ekﬁﬁméﬂtfoﬁt current
mrror and the gate term nal of the output transistor;

[00#&n t he El&dnéﬁ 8l Perk dgramhillustreting taneewbodiotent of the present
B R L

ST'h
mrror; mhereby the first and second clock sw tches
forma conplenmentary switch pair, i.e., whenever the

first (second) iDetiled Despriptior ehthe lnventin s cl osed.
[0022] In another enbodi nent of the el ectronic device,
the first current mrror conprises a biasing
[0031hnsi st OFheaprdseat irvediiaic knay rtensidstswod mberreadilyt Bereference to the

foﬁcl)velsnlgrgi%t iled ﬁgslc%izt%n gp 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.



feedback transi stor are PFET; 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 term nals of

h bi asi ng, transi stor are el ectrjcally connected so o
Rt e eﬁ&h@éﬁeqlﬁcsomd 4ot ipdhs Bipetige are permissible
WitRet &l@/ié&&'ntfﬁﬂﬁt@tscéﬁ%ﬂhéé@eh%ﬂégﬁ{s of the biasing

transistor will turn off th feedback transistor that
[6034% ur n t dr aBe apecth thef mestibhdigclosive tdachesi 4 fastosvaichkngt dverent mirror

L.rer nd own .t he bjasjng voltage. [0023] |
cGH0! FTh R BOshET S ch Bl el s P paver a oac. FiG 3
sh@edhsctentiuib ﬁ%fﬁﬂ lof theCRBRWiRBMeuticAl MG difcBN$h a¢@kdance with
that is an N and an inverter; wherein the inverter

opg embodiEngnt 4| t}fy peesep wdention. h&hel fast vwiishimgratreot ntitrer circuit 1
oHBEARAH SIARTATH Qb O 0 PRV BTl b s v e

adeadbaclo gahsiqos VoY, ardrhisig @6d8ule Gakitly a eoefl @din Qartsi®or M6 and an

. bi asing voltage;, and the source termnal to the

et b & CUBRY SARSEINd, 2 sppek curgat macawith &k MhiNEh i s

dogs) the f S8 rned.of f. then the. .

B he | SEPRRTHLLOADSSUSe §PrE DR b Uiy ety

ceupaers ics ther pavndri supplyeVBICaSisngraimoletragal ts apihhedfdbavdutput current
enou%ot o turn on the feedback transistar a

g ain. i
PHOEHEAY V1 e Pringldgi e ftock s witihese A St st Sk Siiseh iselectrically
r .
ARG P55 SOTBILEEE 101 [ MR, s o e
juiciero formedibor the mraih dermihals foif M1 aiNVBBE, whiese dreafint and second clock

A RO R e (T
(ftﬁ‘%') & d16dcdl b id &ublre a@ﬁ%@ stz8MOSEES. ®br f:fh‘?no@&tctﬁg g?ﬁs?%s:urrent is

Ird NMOSs; the drain and gate termnals
55S are electrically connected, forming a diode

figuratyon. wherein, for .the s MOS,. its drain . .
0f i Pal * ThE dissltR (bt g PGB e bira: 15 capifepigrminal is
eledtritdly érpiddokht hawst Sily VAT iist@FainSBHhS8] (oShETdRah terminal of

to the ground; and wherein, for the third NM3X5, its )
My #nchits gtaricrainal & the galke derming af M2. cBhggatdandodraingenmiails of M1 is

1 t | asl NSi,Stor . ol sour ce. o
e T L I N—
eledvacafiztedupled md ol podfer kgl MW titstafSiBingl 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 MS5.

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



[0025] In another enbodi ment of the el ectronic device,
the electronic device includes a conputer, notebook,
PDA, MP3 player, or mcrodrive or other hard disk
drive. Brief Description of ﬁ?e Dr awi ngs [ 0026]
Preferred enbodi nents according to the present
ntion w |l be scribed with reference to the
NP T e i e e A o gle Mo g @At ermhingla of M3 and
a4 VBN, ahOIBTIonfT R koRPUBNGyGherat i ¢ di agr am of

a known current mrror Circuit has a | arge PFET

{Qﬁ?'él/l di ng Mo IssangeMéIf, pdterecivs dmmttemﬁmﬂﬂméleaﬂnc&l@ cc[t@ﬁﬂ&b the drain
the schemati,c di a ram of anot her known
B S D5 TR S L a2 BRI o e e

v evindungisaldcai @8y Qubpiell 16 H{eﬁﬁﬁéuo%fof‘if%@?&ra%{ te%%naﬁso&zr%lz and M5.

FI G 3 shows the schenmatic di agram of fast sw tching
Tha draanipe ransiger andrigvarter form @@dwmag cwdvlet h one

di men r 003 l. FIG 4
RIIL ar aor SAdHF EEFEOM, o dShrnast obfng pieiacon of the fas
spiteliagtircuinaseshbivain COOD. | Whg CRKSYE Rk tddménal 88M0 is connected
t(bf;/}\{letchl ng current mrror circuit. Det al | ed Descri ption

PREET PRABRE V6 [ Diesafprerthe &ﬁﬁ%@@ﬁ@ltqrﬁﬂl@rﬁhﬁmﬁd i@y (4 resulting in
to |
SRS SO £ GIGEARATE S50 e

tarmurehof kif.is f@0B2kd Ththeygitwidh of tHesiraippdriaadli 6M11\WAE MM, where the
% blications are.referenced, the disclosures of t hese

¢ Yot gHEC Uit ‘F%&Rﬁt?%é@r pigpiagerpligge r éh.eridoweeveri ps the gate
cé}ﬁ@ﬂtcﬁs %PMU ﬁE 'Iﬁgq: gnd pxﬁgzotulé]l h"é’%?h kEHAO %Vé]&nﬁer f‘ﬁlrwe of M4 cannot

nor e desc art tod
mihﬂ“@moltage apthet griteof MI0GB8] VI {oeVe iinadtitamobsly ofA ¢ dneesult M2 is

PHEERIEABER hl b gt @é@@%ﬂéﬁ”@&«%&%&%&]&a This feedback
m@élﬁm&hpwilﬂ@eﬁisé 6 TS & e 8 AR ol of LAOUSKEAL 'oPfhnd until M2 is

sel ect ed enbodi ments of I nvent 1 on.
tuinedis agpivrwith #s gafe vhiiage atthi@ passEendltiga Want Woen Myishened on, M6

wg{)%{drﬁe%dofw a8 Hl%l%’lpl?‘[rrcﬂj tgé/ in I’[‘f:.'.l‘hl%» p%ﬂeg !hlfglhC sThaengdatéj \e/(gi?s{ge of M0 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



Furthernore, certain variations of the specifics and
details in the practice are perm ssible wthout

devi ation fromthe scope of the appended cl ai ns.

[0034] In one aspect, the presgent disclosure teaches a
fast swtching current mrror circuit wwth a |arge

MOSEET size to.pravide a large qQutput current to power
oYt it GG sinds: Vel agpdEnicar. sl igktboost, boost)
r&MidteN bRdthe Wkeent mirror circuit in accordance wth
one enbodi nent of the present invention. The fast
0642k chi ng While 8t prasant orventiorchsstbedn desoriped wih reflarence to particular

anpsi.st.or a first. current mrror,. .2 with a
¢ ﬁ%@ﬁ%& AGRAT S eo?nhﬁ%fsf%orffj tha ﬂ?%%l&ﬁ%@;zwmsaﬁgi iWpyratyyp, and that the
sebpas of (g appelided chith bfe AotGHNMARY, HIRrfhiive RHodinRntdBr the present
and . an. invertor, a current source, and a second

ingptiihhavei hepp petforth by inplicaion ang wil bo3pparThico dutsp baving ordinary

: i I y E : .8 | .Sougce term.nal .is.
SR elio SRS 0 5Py PR G pbP R0LSG YR BipoSiments are
catrsadened &r 8 amlonipased Wil tthe kedpd & Ak RM tm & 'df@R appended claims.

passin Ngz and [ts gate terminal to two clock . _
Agwr?wﬁgis.t eNCPP§ 8t the PEsrNiSFerdian i desridbad byctie lappended claims and is
. l'y VCC, and a second cl ock
m&@??%fgwgﬁé?%ﬁ?rggg%? lt‘i'gg'upled to the junction forned
by the drain termnals of ML and M4, where the first
and second clock swtches forma conplenentary pair,
i.e., whenever the first (second) is open, the second
(first) is closed. MOis usually a large size MOSFET
For exanple, the passing current is 50mA. [0036] The
biasing transistor ML is a PFET, where its source
termnal is electrically coupled to the power supply
VCC, its drain termnal to the drain termnal of M,
and its gate terminal to the gate term nal of M. The
gate and drain termnals of M is electrically
coupl ed. The feedback transistor M2 is a PFET, wherein
its source termnal is electrically coupled to the
power supply VCC, its gate termnal to the gate
termnal of M, and its drain termnal to the drain
termnal of Mo. M and M2 formthe first current
mrror. ML and M2 are sized 1000 tinmes |less than MO
[00371 MB is an NMOS, where its drain termnal is
el ectrically coupled to the current source which in
turn is electrically coupled to the power supply VCC,
its source



termnal to the ground, and its gate termnal to the
gate termnals of M4 and Mb. The «current source
provi des a reference bias current to the output
transi stor. The drain and gage termnals of M3 are
electrically connected, form ng a di ode configuration.
Mi is an NMOS, where itsﬁggmterm nal is
el ectrically coupled to the drain termnal of M, its
source termnal to the ground, and its gate term na
o) e gate termnals of MB and Mb. M is an NMOS
Whé\%%%glq} s®drain terninal is electricall y coupled to
the drain termnal of 11 M, its source termnal to
the ground, and its gate termnal to the gate
l. ter %gﬁxgit@ﬁng\@lr@ﬁamxmﬁiml’t fowprowdhgnBasteawiichidlarge current,
gcqpd current mirror. [0038] M is an NMOS, where its
raifi termnal is electrically coupled to the drain
t eramiongut abndWhtor fhiisis 8 (IEE SizE &Y WWuRRla lh@ctdlfe@rng, and
its gate termnal to the inverter which in turnis
el éc‘?lrlieefawwcf@ﬂﬁg‘é‘ed foPeKElejagREtoreshewtent pea hfereree bias current
to tHeQJulh I ¥afsi@br;M and M. The draining transistor and
inverter formthe draining nodule. [0039] Now there is
pr avfick dewarent ineifrod edatii@ilyocoupled e thpenat taminfl éthee output
. f.%st @V\_/i tchi nfg_ circuit as shown i F‘Ig 3. Wien CLK .
ransigor,  whergily {he st eyrEgnt gpingpy 1§ $0 Cophewed dhatiiy proyddssolie rbiasing
voltSdenBlite MeCierdhRI 6f @E ButphhBuBRiG; capaci tors are charged
to VCC resulting in no current passing the output
t r arfsedeok sNprirtuiecleciNoullyscaupladed 1be ffirstierenCherar] wherein the
feedé{;]cefct sﬁ.@-chfc %tﬁg %n% ?(?}.‘lif}ggl?eéjwtgﬁgl V\% Egc%(mt@et aﬁ%ﬂég&%g&?tﬁlo%‘the first
currst@Intiagetadink e culB@titan tHeSzatlehamal &Cthé Bk @fisREr; and
vol tage Vb. However, as the gate capacitors of MO are
| aPgeCl Cyireni iy eleskrigal dovpledaa, the atm rirassistodr thy ecurrent

sourglécéh/%l g‘f%b%l Itcmi Hllﬁj{(ln %1(? ti?/es%&%%lé%tub-tcnﬁti?ja\%ger?%g d\l/([il SI’JCrOlo’lH1 current

co

nst ant aheous resu
mirremistsolvedfighied s ithovitiéd thp glitrerdtBBucd pdl the@futp €ransistor and sinks
i nverter towards ground, This feedback nechanismwll
the Tesidual chpseRtd Ty the Gte fesmingbolbilie joutg trgagigoowhevDty gakgtairinal is
at th@bRYRG wWthdd M2 is turned on again with its gate
vol tage at the biasing voltage Vb. Wien M2 is turned

pnwhmby\l\flﬂdn the otpnineshsotdr iasfit flemithputrraft sbinee, the first current
i SR P Sy A LSS SRSl i, e
outpP¥ @&RIstdd)s bRt A0 iRLAp&HHYARE BbveNsuPhbiyt BBhout current output; and
when the output transistor is on with the current source, the first current mirror and the
second current mirror but off from the power supply via its gate terminal, the voltage at the
gate terminal of the output transistor is pulled down to the biasing voltage by the feedback
sub-circuit and second current mirror sinking the current from the gate terminal of the
output transistor, resulting in an output of large current from the drain terminal of the

output transistor; thereby the fast switching current mirror circuit provides a fast-switched

large current.



paranmeters of MB, M4 and M. [0040] Now referring to
FIG 4, there is provided a schematic diagramof a
switching regulator conprising a fast sw tching
current mirror circuit of tig present invention. The
switching regulator 40 conprises a fast sw tching
2. CUMTRMhstBWifcAneGubeH hifs ciltcnizilgf bR AR Ak %SimPMsets Nefirst and a
cl ock frequency signals 41, an other el'ect ront ¢
secapdrpparetishdaconfigated b aomiml thehmtawuritagad oftthe ditput tcedistor.
such as m croprocessors. The switching regul ator 40
may be enployed in any el ectronic devices operating
3. fromestRONBRing YRRbhERIrlopdfrcilieaitdIsieh 2f RBdreipWhd GhMQransistor is
current mrrors. The common el ectronic devices I nclude
a Pigida, wlmngnptsayéfqe tempndbsslectriwady conped &r & the @Ot supply, and its
il oy { the fast. switching current mrror
dladgzi%er@(&l1 ?%éa}ﬁ}ng)gt (%Jflslgéo?tﬁm Cal\‘pr)rgﬁ’cat ions other than the

swivthehdin ther fagudlagloswitdhds el%&@iﬁﬂ'l)edis%é‘s@d hastees MetfoicR8upply and
current. mrror circuit is applicable to any high siJg
the gaip despyptlagiethei tHEpYLHERLSisloEoNhPRIthG Fgst Ptk sypitehcigranertie, output
: ' fylil. hri i TG U Swi tchmde
anigcis (RLILMAD. Heqs dalor L AARIURTEMG fbuer S ENIRC
|i kéherdi®Cik2jcctid klvck evitph és elatiricaline disbosed aswdr@ahe first current
. described with reference to particular enbodinents, |
mitepy A (16 43¢ (SHAWRLSHOH OV Rk TR B Fesecond clock switch s on,
illustrative and that the scopes of the appended
clains are not so limted. Alternative enbodi nents of
the present invention have been set forth by
inmplication and will be apparent to those having
ordinary skill in the art to which the present
i nvention pertains. Such alternate enbodi nents are
consi dered to be enconpassed within the scope of one
or nore of the appended clainms. Accordingly, the
scope of the present invention is described by the
appended clainms and is supported by the foregoing
description. 13 CLAIMS Wat is clained is:



1. Afast switching current mrror circuit for

providing a fast-switched | arge current, conprising:

an output transistor that is a large size to source a

| arge current output; a currignt source configured to

provide a mrrored current as a reference bias current
the bRpUDBaRKAUS (hh8dSh $8Ctts aﬁefvbift e i€ W& td @E biasing voltag
© el gctr?cal 'y colup | ed tost e gata} me naﬁﬁo‘g} tlﬁe lasig votlage
mﬁ@mﬁ@U@HN$¢anﬁostor mhereln the first current mrror

0 ured,t rovi des. the bi voIt

t o Pikacabe HALFR hPhgheRa bt dot 7 anprgiansSvitdFai, i,
wheheaghiRe kst Woc@id) b deneih Gdohd afilsy) isO¥Rlged to the first

current mrror, wherein the feedback sub-circuit is

so confi gured that it will receive the feedback signa

fr ent mrro rrent .
417 Bl RS s g oRHERGdCIERT of B S wAdtEn S & byppens mirror
con@esﬁmlbxeslng ehsiftbr At a fedbidki teRkisiorcRb@t@dhe Biaking transistor and

ut transistor, the current source, the first
feedg) iE)%WS‘%Lﬁrral‘%P EBnd the feedback sub-ci rcuit, wherein
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provi des the current source to out’ put tran
powan dulzply’; kbe ghtectemeisikldualeaciupthentthé Itiﬁ.’m ldir&mgﬁﬁ ® thersetomdl current
ge out put transistor when its gate termnal is at
n““?héﬂ i asi ng vol tage, whereby when the out put

tr 3ARk@h Qhe | @ai@l ind AR (hGILW HEMe %%[n‘l%enaﬁslf‘ﬁ b SElectrlcalIy

current mrror and the second current rror but
COHIWCteld sa thewebensthppegprdisaviichds gatibe pelied-wabiasing eoltagactqnminc drain
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the l‘héc&ﬂ@k SEOEird Bt ORI thb clid@nt GHE pENHo W WicCRasitd olfalst St
current mrror and the second current mrror but off

fromthe power supply via its gate termnal, the

5. Y OUR0E e G r LRH 85 h u-

cncmud‘a}mp:rrseuathaﬁumdg > sraagstdr thidf is@QANNOS! Ofd &1 1ﬁl&d':1ﬂﬂ the
current fromthe gate termnal of the outp

t r SHETedt dre Ve o$ Setiigpilyreopplegup the draip g@mzraﬁl rdrthe feedback
tranglértgmaﬁfh@héjéﬁl?ntextn?ﬁ“lg" Hf'"ltheo&afrnﬁ #&&Hf b Qf]gﬂlﬁgpt%rmmal of the
her eb swtch I Ng CUI‘ m rror circtit
diaupng)wadfeSmalsfeMr{@Wytcohpﬂdd td Eheg:easa:ng va&tke; 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.

6. The fast switching current mirror circuit of claim 4, wherein the second current
mirror comprises a first NMOS, a second NMOS, and a third NMOS forming a current
NHITOr;

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



13a 2. The fast switching current mrror circuit of
claiml1, further conprises a first and a second clock
switches configured to control the gate voltages of
the output transistor. 3. Theg fast sw tching current
mrror circuit of claim2, wherein the output

secdi PRI %ﬁtﬁrNR@SsathpFﬁn a\f’iﬁec{a?é R inS1sSHURE B %Mg%aa{rc eRectrically

el ectrically coupled to a‘the power supp y, an
Cona¢%¢daf‘vrenngmdlodtv@maﬁguiatpm; of the output current;
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dratheémiindlof e febilbabkltBMistdd, BAPItSiREce WRSRalBehd Sbald; agd
clock switch is on, the output transistor is turne

of FWhespinj fos tegathérd NMQS etS|dsalplj¢men!aiup ekegtx itChléy p@md to the drain
temﬁ}‘mp%fy the 3 mm%n%lspm Rgeg?uergg E@I %réa(l)g(? |11§et gr@apﬁl élh{)rdcn to drain any

cal dlsposed

curront fr@n 1lad’lght¢ kempat ef heonipnaha@istdrhe out put transistor;
when the second clock switch is on, 14 the output
transistor is turned on for its gate voltage is pulled

7. down &, E P@%ﬂg ﬁ%{ Ho%gcﬁn » Of g tb Ee%it F!(a(fgg (F:l‘%%ié‘[s to a load,

mrror; sécon
com‘pusmga conpl enentary switch pair, i. e. , vvhenevler t I;e
first ec nd) ..i' s e t he second (first) is close
503 @%RA‘P% ﬁ?%é spifeheseregicrigt i thedapd; agd ¢l ai m
3, aVYﬁﬁrsﬁf'itBhlEE %mréi’fﬁﬁm%% xﬁm aﬂﬂf %LQH to EREPde i€ s sw1tched large
bi asi ng transi stor and transistor;
curretfewheigdi thg fast ammlfsmwuxmmdmlm eledh:attks eleansmlm cmupm:leo a cIock
wherein t s of .both tr
contiflahe (RORRF T JRudTiecs B Phatthd sin Sty Aotk oo
sign@id! 1@ wile provitRl the hRafAlh cl@irﬁ’s@ﬁng Whe udr @b hsd H@gescuﬁ &at

the second current mrror; and wherein the drain an
gatdercan therfasi swaehing eutserigning: eiranstosmpisesr e

t when_th itc
o SRRkl FARRTES B g RO et SRR R
t earunaht sofirctheniiasd moprovidd aingitRfeddurient & Nre@dibndeMas current

f eedback transistor that in turn turns on the
to the QUHWAHRNSSS®-= ci rcuit to sink the current and pul | down

thg RiAUAGnY HilB8Ricctrically 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 gate terminal is
at the biasing voltage;

whereby when the output transistor is off from the current source, the first current

mirror and the second current mirror but on with a power supply via its gate terminal, the



5. The fast switching current mirror circuit of claim
4, wherein the feedback sub- circuit conprises a
draining transistor that is an NMOS, and an inverter;
wherein the inverter is elegsgically coupled to the
drain term nal of the feedback transistor and the
outiSRt@ndi86MNBhr Rl & N cARI L% SARS wi b &t
?grnyﬁal gf t%% drafﬂ%%g?tgans stOFEF@§gvg@??a%§?F9&gu%and
whagiothp |cetbut dranbistobiisash mgthvibk tcaigent sinaed, Hise Sistico@ent mirror and the
termnal to "the.ground; and wherein, when the second
scoqpit kBB tESHTToR e mosshssRAb ¥l Brvnel. g daee at the
gateOfefminal §afe bhgut @MsiRRUS pRfied N&vh RYBE bElkiny \Jolltal%éJB}nt}f%rYeedback
the draining transistor until the biasing™ voltage iIs
subysiiFpib Andi gagpnenougnt purrpu pinking thhecufneatd bankthe rgats ismiral of the

i.0.: The..fast switching current mrrar circuit.o
outgt HafeiyBr, sEAHE T 48 LD, 1t Gl obt e Sl el of e
outpart triand$tofvbSebyathe €e0 Rl MRS cuabst @irfddiciduiNMRided A& Gwitched
a current mrror; wherein, for the first NMOS, its
larggipUReits erminal is electrically coupled to the current
source, its source termnal to the ground, and its
gate termnal to the gate termnals of the 15 second
and third NMOSs; the drain and gate termnals of the
first NMOS are electrically connected, formng a
di ode configuration; wherein, for the second NMOS, its
drain terminal is electrically coupled to the drain
term nal of the feedback transistor, and its source
termnal to the ground; and wherein, for the third
NMOS, its drain terminal is electrically coupled to
the drain term nal of the biasing transistor, its
source termnal to the ground in order to drain any
current fromthe gate term nal of the output
transistor. 7. A switching regulator for providing a
fast-switched large current to a |oad, conprising:
means for channeling a fast-switched |arge current to
the load; and a fast switching current mrror circuit
configured to provide the fast-swi tched | arge



current; wherein the fast switching current mrror
circuit is electrically coupled to a clock control
and the nmeans for channeling so that, when the circuit
receives the clock control ggnals, it wll provide
the means for channeling with the fast-switched | arge
current; wherein the fast switching current mrror
circuit conprises: an output transistor that is a
8. | ar g sivizehihg rqminmaeocfaclhmi ge fotier Qﬁtnpﬁigéspwﬁ}stéhnﬁttf §Rbhd clock
.source configured to provide a mrrored current as a
SW‘?‘%’F%F% 2Hrqg) tg§°’étﬁ?lrﬂé‘“n ate yeltagraobile sutput Fanpstest or ;. a
first current S mrror electrically coupled to the
gate term nal of the output transistor, wherein the
9. firBhe switeling mgulntor dfsclaion Gonfliegein ettie tdaputi trampisaxi des PFET,

whort B SBlARemty pEed BuboseBRTn sGronctprortr ol i i gormina

to aB QI od tHeQuigiR chirérl current mrror, wherein the
feedback sub-circuit is so configured that it wll

r echsraintthefifs elgplaswitei igeictrioalyndishesetlibesteenchr pqlwm‘fsuppiy and
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current, source, the first current mrror, a
f ectipaeiR theBecond @lck swiksbriaelectrisally slbwmsedchbatvesn the first current
o N gdler RN . [ , ' rovi.des. the rrent. . .

il SR SRR SRyl forft QYL 55 LOFy OGO i s on,
the petpiiduaisistarris enhed owtortibeggatatdeenspuiddd adwi hethe BiRig voltage

transi stor when its gate termnal is at the biasing
of t oﬁlshﬁg‘,'en\tz\ﬁ’é‘ir%rby when the output transistor is off

fr amRddy 6Lt RAhd SRURE Block E\@it&{ers %trr?ﬁ%rﬁgfcmemag Qi@ Wir, ic.,

the second current mrror but on with a power supply
whepgerithesfingatsecand) isi apah,, the beotd &irsOug glusedt r ansi stor i s

charged to its capacity by the power supply without

current output; and when the output transistor is on

10. W tithet RQ1chHE RBhlaf® WTCSaimt Bewhékmt th%l'i‘irrste?ﬂri]rréﬂt hifor @Bkprises a

. the second current mrror but off fromthe power
biasingpisanpisiaraandy & fegalbacls epmistert wheteen vind biagieg dtansisier agdtfecdback

: ] 1) . the output transistor is pulled down to
lran%ﬁé%@?&% vol tage by the feedback sub-circuit and

secdretic uh¢ sotircditémiinalsiomkiolg ttasisew kRNElctFieMt B&upled to the
gate Eer][ln' nal of 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.

I1. The switching regulator of claim 10, 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



out put transistor, resulting in an output of |arge

current fromthe drain termnal of the output

transi stor; thereby the fast switching current mrror

circuit provides a fast-switighed |arge current. 16

8. The switching regulator of claim7, further
SR LSk REf %ﬁ@éﬁ?@b@%ﬁ%ﬁag@%@ﬁ% sgfcp frminal to
thet,muné; gior. 9. The swi tching regulator of claim 8

stor is a PFET, wherein its

h
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output current; wherein the first clo
voltggestpuiledilpyn dieyshde dirbenweefredinek ponsstosagapl.y an d

the gate termnal of the output transistor; when the

first clock switch is on, the output transistor is

12. t urnedvafchinkatgilhdr 86&18inY b, tag@eih ShdddebRAcU#RA} thul}'lecompuses a
power supply; and wherein t'he second clock swtch is
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asing voltage of the first current
SGCﬁrWrtg*fmgéﬁ PRein 8 Lardoseodnaldhobe SMOE e electrically
QP ch pair, i.e., whenever the
Conﬁﬁég} %Iglecoérlggag?g&gp?ﬁﬂobhe second (first) is closed.

10.wikhan sfoir ttbhisagpndel MG, oits dfairc kaininad, is whetrially tbepled to the
rror conprises a biasi Qq%t ransi st or

craiy e 0L e e R baT S difSichies eiang ladie gound: and
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the source term nal's of transi stors
termgmad ff rthe hiabipg seanpisted, ttSOSQLhI@J tepowel tes d‘@pglyurlld h*eo@aji'] ® drain any
oeac e drain termnals to the
Cuuélggg&ﬁ%ﬁm&aetﬁfmmﬁji ‘?fttg? Omﬁﬁ%‘%ﬁ’é °é1 n the drain and gate
termnals of the biasing transistor are electrically
connected so that when the second switch is on, the
3. putt Bwthed o1 435t wyigbing fer eurranhanighonisn as to provide a fast-switched

large current to a load, the method comprising:

turning off an output transistor that is a large size to source a large current output by
electrically coupling the gate terminal to a power supply and disconnecting the gate
terminal from a fast switching circuit; and

turning on the output transistor by electrically coupling the gate terminal of the
output transistor to the fast switching circuit and disconnecting the gate terminal from the
power supply;

wherein the fast switching circuit comprises

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
when the output transistor is turned on, wherein the first current mirror is so configured

that it provides the biasing voltage to the gate terminal of the output transistor;



term nal of the biasing transistor will turn off the

feedback transistor that in turn turns on the

f eedback sub-circuit to sink the current and pull down

the biasing voltage. 11. Thggswi tching regul at or of

cl ai m 10, wherein the feedback sub-circuit conpri ses a
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source termnal to the ground; and wherein,
soussectadfirel ourkens wiitioh dnd the fecdhackf séxaktaamk haredi ﬁteoaecmrsi current
furn oW_in i nverter.
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transi stor again. 12. The switching regul ator of claim

at thegpiaspiey@iaget he second current nirror conprises a
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mirtoe and el secendebaednt ndabt yutctmmpiﬂed go®vet BEpIY K128t cate terminal, the
source, its source termpnpal to the ground, and Its
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e electrica connect e
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subkREWt BAd sbntih@u@heUidor ﬁﬁﬁmgv‘{ﬁ@r&lh@nt f"r@fn &E%Mtemmai of the
NMOS, its drain termnal is electrically cou
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order.ta
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oM el
img&é@ﬁsﬁstor. 13. A nethod for fast switching of a
current mirror so as to provide a fast-switched |arge
current to a |load, the nethod conpri sing:

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.

15, The method of claim 14, wherein the feedback sub-circuit comprises a draining

transistor that is an NMOS, and an inverter;



turning off an output transistor that is a |arge size
to source a large current output by electrically
coupling the gate termnal to a power supply and
di sconnecting the gate termpgpal froma fast sw tching
circuit; and turning on the output transistor by
el e\gltlﬁ{rélﬁath’ll‘, Xn&?ﬁpl % ngcthrdﬁi)g @%{E}I&P{(m Haa, fti?lftel Nal SPHRYE cdback
transi stor I'ng circu
trandnSE)mcamdeiﬂnblga@ tdnmngs;htoé therdmlﬁnak, tfarn@mdrhfhe PaiMeg (erminal of the
P wherein t fas smntchlng circuit conprises a
draig ey téd"ry?élsg% at tlsctb*agfy L%i i ShpPigvngaokags prpEgource terminal to
thegMﬁﬁ@thaS a reference bias current to the output
ransistor; a first current mrror electrically
couphaseint whtehethgeft@ba@« miangstonfs tureedotipultent thenwins irput of the
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to unﬁ@wmeeﬁaeamk@aﬁﬁgtegagamtage to the gate termnal of
the output transistor; 18 a feedback sub-circuit

electrically coupled to the first current mrror,
mh [ c reuit nfigured t

16. . e[rh% erﬁllég eéf\e/ glggl??lléé h tﬁg ngonﬁ . S%retnﬁ émﬁ%f Sctompnses a first

NMC)& ] ecmonmNNIO)S, gl Sihild NIMe)SCf@Frhmgta dubem mbeorgat e
termnal of the output transistor; and a second
current mrror electrically coupled to the output
transi stor, the current source, the first current
mrror, and the feedback sub-circuit, wherein the
second current mrror is so configured that it
provi des the current source to the output transistor
and sinks the residual current fromthe gate term na
of the output transistor when its gate termnal is at
t he bi asing vol tage; whereby when the out put
transistor is off fromthe current source, the first
current mrror and the second current mirror but on
with a power supply via its gate termnal, the output
transistor is charged to its capacity by the power
supply w thout current output; and when the out put
transistor is on with the current source, the first
current mrror and the second current mrror but off
fromthe power supply via its gate termnal, the
vol tage at the



gate termnal of the output transistor is pulled down

to the biasing voltage by the feedback sub-circuit

and second current mrror sinking the current fromthe

gate term nal of the outputigtransistor, resulting in

an output of large current fromthe drain term nal of

t heyh QUhPEE i %?Nﬁ@g,;itstcngﬁgg%ihg% LRstics) %&%HC‘HQO the current

current mrror circuit provides a fast-sw tche l'arge
soucey testurcelérmifinktontbt lyodindf acl @s patd prmided tethe ganetefinals of the
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confdtgkdt ﬁgﬁ@,@gdﬁdfoﬁae%@u@gﬁon&\r e PFET; wherein the source
termnals of both transistors are electrically coupl ed

t o wheeeinpbmethe sappidyNMO®S gatlein éermiimdlis elastrgalip coupled to the
.other, .the drajn termnals the second c rrg_nt i
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that the pulled-up biasing voltage at the ‘drain

of theghipgimgiransistem s pused isyningl torfhe stovnd i pidet fordsainany epreent from

the éﬁg[@?@ﬁ{%ﬁ@l@?gﬁ%gﬁﬁgsﬁ&l n turn turns on the feedback

e 'current and pull down the

bi asi ng voltage. 15. The nethod of claim 14, wherein

the feedback sub-circuit conprises a draining
17'tra‘ﬁ§ie§€6?n‘f5ﬁ§‘t’lc? SOTHPFINMS, and an inverter; 18a

wher.gi i t i S8l [ Y C led to the

dr gilﬁw{b ?ér]rﬁ%ﬁég? Yﬁ%a? Oéﬁ @éﬁﬁ%a&keﬁ?é&}%xlnég %ICF and the gate

t ernfiastadwizhinghairdnaimirngcreudnsirgigared oheoddaianhstgwitched large

termmnal.of the draining transistor is electrically
curreif, (9 e UCE R PRE ST 2y B t age; and t he sour ce

t eAloaut fr%siQQQh&riQH'Mflif{e A06 (oRBER NardB RN Ripu;

feedback transistor is turned off, then the | ow i nput

of atcherentjseyeetcentigired ta promidera minwreth airrenhas 4 refovsiettoas current

il.the.biasing voltage is pulled down enough to
tth%&E#uéha?%seorﬁeedback transi stor again. 16. The nethod

of aclisst Bulent WHaLE] dlectii@lI§EEQIMEC Wb ItBAtoaf Kdiiinal of the output

conprises a first ) ) ) o
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 gate terminal is
at the biasing voltage;

whereby when the output transistor is off from the current source, the first current
mirror and the second current mirror but on with a power supply via its gate terminal, the
output transistor is charged to its capacity by the power supply without current output; and

when the output transistor is on with the current source, the first current mirror and the



NMOS, a second NMOS, and a third NMOS formng a
current mrror; 19 wherein, for the first NMOS, its
drain termnal is electrically coupled to the current
source, its source termnal 140 the ground, and its
gate termnal to the gate termnals of the second and

' - O Al j s, .of fin
seo PR BT MBI RN FrdlamS e Rl e Yoliibe acne
gatcenhinglioatht ontpunrensester, is balled dews ecthn diNMaS;oliags bgtiai hedback
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BRI A 5Fonneiirea dntiek sHkigs! t%lrl;emaﬁam the eatpigminal of the
rfinB@diort , . : ereld: Sghi g
SRl adife 3 L@ 1REORICRL AN S dpeifinl o the
outputdradsision therely el fastofvitchiog Buasitigirtar &irsits orviddstasfast-switched
laroS QULS termnal to the ground in order to drain any
ECGMYERt from the gate term nal of the output
transistor. IT An el ectronic device conprising: a
m croprocessor with a conputer-readable nedium and a
18. f askheshgotronicrigvicgrof shimnli7s wheresi thedhst spidtahingenednttrairror circuit
- ovide.a fast-sw,t l,a Jrrent to th
furf e MR oL Bt S S RGO, SR o o optp the s
voltegesaftlar @gpRitzasikter.source a |large current output; a
current source configured to provide a mrrored
current as a reference bias current to the output
transistor; a first current mirror electrically
coupled to the gate term nal of the out put
transi stor, wherein the first current mrror is so
configured that it provides the biasing voltage to
the gate termnal of the output transistor; a feedback
sub-circuit electrically coupled to the first current
mrror, wherein the feedback sub-circuit is so
configured that it will receive the feedback signa
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
out put transistor, the current source, the first
current mirror, and the feedback sub-circuit, wherein
t he second current

t
subt



mrror is so configured that it provides the current
source to the output transistor and sinks the
residual current fromthe gate term nal of the output
transi stor when its gate terpginal is at the biasing
vol t age; whereby when the output transistor is off
fromthe current source, the first current mrror and
the second current mirror but on with a power supply
19.vi alliet degane doicd ofalgimt Ie whorsiptite ot Slasdiabr iss PFET, wherein
.. Ccharged to its capacit Ey the power supply w thout —
its QW GeetFtminat pulectarily sHBlsdine RS FHPRIY afitd ¥t drain sergipal to an
inpid dffthd ARp@WLHERt source, the first current mrror and
the 19a second current mrror but off fromthe power
supphgeinithe firssclgek ewitdr iiclealricatlh dispodeti dgevean thdgowaatgply and

o S VP B e oYU B o
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gate term nal of the output transistor, resulfing in
an ‘irgintthe peqoad glock vitshtis fekasiricale dikpasad batwadmtie fokt current

. I St.Or; the fast switchir o
i B, AR5 o R AL, A By i o,
the outpriemdnsisid. is Thae®be il igNidte delvigeqs phildl @vA fbthe biasing voltage

wherein the fast switching current mrror circuit
Oft}?euq?‘ﬁhwreéb??bfﬁ'?lées a first and a second cl ock switches

CORfH : ; Qut put . .
P SRRl Lhg, 81 O A0SRaRleh R R v
whephear gianfitsh@eoutipistopenahs sgbod (first)ds @bl, wherein its
source terminal is electrically coupled to a power
supply, and its drain termnal to an input of the

20. outipitel&itiohfNEevi BT €lafint fte vr/l{e'%ﬁﬁ the 9Lk ameihr MhibSr comprises a
el ectrically di sposed between the power supply and
biastigetrapatstortandnd fesidbadk timeistut plicrein ansbiasiog ;trankietor tahé feedback

QT F{Cﬁk switch is on, the output transistor is
tran{l%tf)ﬁéera(ﬂo f°for its gate voltage is pulled up to the

povheréi R Yourd@deIBAISIoT BJUE 128G Qxleo&léctﬁ\%l%y‘: Bodgled to the

electrical |y disposed between the first current
POWRY SYBHY. AR St derginds e eaghnetheipfihe Hrairoterpinalst toaths iss¢and; current
mirri6Rgt he second clock switch is on,
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.

21. The electronic device of claim 20, 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
draining transistor is electrically coupled to the biasing voltage; and the source terminal to

the ground; and



the output transistor is turned on for its gate

voltage is pulled down to the biasing voltage of the

first current mrror; whereby the first and second

clock switches forma conplementary switch pair, i.e.,

whenever the first (second) is open, the second

(f ' ‘er\?é]rgp'e%rf%&]l ARG % éfcig%}?r@wﬁ%h Sl ocli}{recfggcfrop Flg %ans%tm IS tumed off,
thCib ltlaslam Hpangi thd& anveard valiflerdbrcke Uraaiisg Sta@Eiston@RGEHE biasing

t he. bi asi transi stor and feedback transistor are
VO“IQF‘%*F p”@/ﬁ% Hg‘f"ﬂ eppehdy g onthe ﬁﬁeﬁ'%ﬂcg UGRSIEEE ¥4 %-ansi st or s

are electrically coupled to the power supply, the
gate termnals to each other, the drain termnals to
22.t hellwedentbniudevesst of clainr 30, thvrelmvﬂlersmomdtcluaedtnalrmxa'm)dlprlses a

ermn anSI stor are
frs SN B B o s ERNPRA Fiae s FerShBrer: swi t o
i S ohereib @ M HIGENMO D] iBSdrB8 MAlihads el@Etl Lhey 9&@'1&1 to the current

termnal of the biasing transistor will turn o
sOufCR elffhkee: lernigikoohe ramdj and iy gate tarmgnad o tehgte 1ermmals of the

s RGOS B bl EPBUTARY 30 %R ard My
conﬁdcmdr,’rf(ﬁ*@l,mg/\bairoae aoﬁﬁgeuagﬁmgback sub-circuit conprises a
draining {ransistor that is an NM3S, and an inverter;

whethsrstie K thavesandr NMOB) iéc draie sgrmjnad g slestrically tdepled to the
rat C "l’ T QUrce dl Il
draif i F m db?lgk R d;l&egl?cp‘ﬂ(% b qgl%il ggiq{) t}?’n 89%08 Al % g

gate term na rarnin ransi's
whet@nnfonte tioifd NMOS,dmaimmrtgmt:Mns els&tﬂballysccﬁlb&!dttb ittealrhivt terminal
caupl.ed to.the. biasin volta% ; and_the source
of theg gy rangistor HRsqyresy SSLREMSHA 112 b er 1R emscurrent from
the SRERNGiAl OCke SWMPLERahsHstQN, the feedback transistor is
turned off, then the low input of the inverter wll
turn on the dralnlng tranS|stor until the b|a5|ng

VO 0 rn on the feedback

¥ r AR BBy RE 0BS T2 Wb Mo indth deb st Einanen o
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first NMOS, a second NMOS, and a third NMOS form ng a

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



wherein, for the first NMOS, its drain termnal is

electrically coupled to the current source, its

source terminal to the ground, and its gate term nal

to the gate termnals of the gsecond and third NMOSs;

the drain and gate termnals of the first NMOS are

electrically connected, form ng a di ode

configuration; wherein, for the second NMOS, its drain

CHRGUE AND BMECHODCRORYF AU FWITCHINGEOFHS T@URRENT MIRROR

term nal of the feedback transistor, and its source

termnal to the gr SUHH IARGEMOSEET SIBE the third

NMOS, its drain terminal is electrically coupled to

the drain termnal of the biasing transistor, its

source ternminal to the graBSTRAC®rder to drain any

current from the gate term nal of the output

transi stor. 23. The electronic device of claim17,

wher ¢, : i [ GRRL, gy

not eb od;}f(ﬂ,-e %ﬁ%@%%leFg?%?\é fgﬁ M cr % g r%lﬁl\%ee&onrl&%?ﬁ é‘?lﬁL g)rr d roviding
a fastiewitchadelargdcurfém, elsedtthiopiregulator dor pfovidiag m faR-switched large

CBELR) A SRR SR S rsproice o s

svlcBROR W &ﬁk&%loﬂ%ﬁ%n@l&ﬁonﬁ%yﬁé%luﬁﬂg aRsES$®Mehing current
invention discloses a fast switching current mrror

My SPreit s proyiding difad-switthest lagwicuohetd | arge current, a
switching regulator for providing a fast-swtched
large current to a |load, nethod for fast sw tching of

Fl& Xurrent mrror so as to provide a fast- swtched
| arge current to a |oad, and an el ectroni c device
including a fast switching current mrror circuit for
providing a fast-switched large current. FIG 3



