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A CHARGE PUMP CIRCUI T FI ELD OF I NVENTI ON The present
invention relates broadly to a charge punp circuit and
wo 0008/0s@EBhod for conpensating current m smat chPCTSG2006/000261

charge punp circuit. BACKGROUND A charge punp is an
electronic circuit that uses switches to control the
connections of voltages to doubl e vol tages, invert

vol tages, or generate arbitrary voltages, dependi ng on
the controller and circuit topol ogy. An exanple for a

charge punp circAICHARGE RUMP CIRCUpPhase | ocked
| oop circuits (PLL). For designing a charge punp
circuit, anirrportant objectiveisto m nimze the

n (pull -up) and "down" (pull-down)

F'%@;@J@Eﬁ'@ﬁ |nt eger-N synt hesi zer, the current

m smatch wi Il cause the charge punp's out put spectrum

a gher .referenc For c

syt RE<PBarnOpRenif RIATRE hrafll tp FienproBShub Xl ang o
method foe mpmipeosatingssulmeghmismatetbmradcheras eumpicireuit. Fi gure 1

shows an existing charge punp circuit that attenpts to

deal with the m smatch probl em between currents "up"
BAGKHGREMMND, In this circuit, the original current

source | _bias is m'rrored to a common current branch

for presenting "up" (| _up) and "down" (I
CUr e AhaIgeoP WIS A &lesiratisr cguit Ahat Psm“@tp%ﬁﬁs ta cgptrol the

coNRediRpR &S VOKBYYs tcB@BMﬁSWdItBQé@ iVt Qéﬁég?-;@t o@@rehwdfé arbitrary
transi stors ( t here arefour

a
voliagqss Herendind og e @s@?tnaﬂar apg cigpuititppolg %ﬁ%%naﬁoff’f p&harge
puf'rﬁi' Biréure agplicater lsbirﬂﬁﬁélse'lﬂibké@locﬂﬂdlréia’r)s @anLal | Br desighing a
branch, 100 ranch_ has. it

ChBIGAnEUBRL oL T RUETET by o BV U Eerig diageh Btween
“upu(gulla) pard Wawndgeul/down) sutredten it ah HeteGet-Nusyntiessitter, the
cul Rl o a5 RS R B SRl S il o e
refeverde) smnd Fdrefractionalgd syethesizec eh¥ quertent mls_ma_gmhiwié cause an
B IR, ouSrT R BBl ERehbaR ™ et I n' these
braches, D and

Figure 1 shows an existing charge pump circuit that attempts to deal with the
mismatch problem between currents “up” and “down”. In this circuit, the original
current source |_bias is mirrored to a common current branch for presenting “up”
(I_up) and “down” (I_down) currents to N-MOS transistor M1 and P-MOS transistor
M2 respectively. Between these two current carrying transistors (M1, M2), there are
four trans-gate switches (S1, S2, S3 and S4) of the same size and they form the
current branch 101 (S1 and S2) parallel to a dummy branch 100 (83 and S4). Each
branch has its two trans-gate switches serially connected. The charge pump output
voltage V_ds is taken at the CP_out point between S1 and S2 and a reference
voltage V_ref is taken between S3 and S4. Linking charge pump output (V_ds) and
the voltage reference V_ref, a negative feedback is formed via an Operational
Amplifier (Op) so that the voltage value V_ref follows V_ds. In these braches, D and
U are digital signals from a phase frequency detector (PFD) to control the trans-gate
switches (S1 to S4) so that the pumping of the positive and negative current
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Uare digital signals froma phase frequency detector
(PFD) to control the trans-gate switches (S1 to S4) so
wo bas/ost1e2 punpi ng of the positive and negati vePCT/SG2006/000261

current(CP_out) is regulated. In this circuit, a

charge injection is mnimzed by inplenenting the

identical switches (S1 to S4) with a mniml size and

the possible overlap charge injection is reduced by

fine-tuning the size of current carrying transistors
(CPveut) M) remtlateﬁg olfertiei sifcuitvia aplprep Byectinpt iss\winiotiesd by
lmQIén@éntrﬂPfthé RSN litched [$ifo §%\k@hbnﬁrnﬁhél%@e§amh%%s&ble

drain o ecurrent Sour ces. he ch lar ge punp
ovVgflap | charag, dpigctiony isy FrAugsd b fitpddRAg theesigergferiirgnd carrying

tretisisedrs g1, M. aDAMHGBp&retiére M1 Rindinab ateqrdrltswrta%eaaﬁ or off to
re exiIsts a

4. | th . t t
oAt P SEURTE EPEaR, ot 1o Ot of K S el Satfiesy; dhen the
chb_eje/\lpennpl\i&fdihde Mioth (Satnsedr Entbikey clobdrt; thesdumehn @ @ivemte@ninto a
m clrcult 1s In practice
dumr§¥ el e?t%r%r%cg\/ﬂqu %gf%\%g‘hg to figure 2, |Ot he

simulation result for the charge punp circuit of

Fi gg{l ﬁh% c'cha @hﬁwe ac]T Slt tﬂére %)%Ltﬁaé('sgstreﬁ'%trg %%ﬁt t/gr?atron due

el e ue’an
transistoremisneaicle hediveergdd angf M0~ Cangpaquentiye, the\heetrttmg current

miSRIak VSt tﬁ@eh&gerp@ﬁ}poarzﬁ.t i, % ctiéBlRESRt ¢ T.he

current passi OmA) I's mar W|th | _up
(curve 200) and t he current passi ng through M2 (-95mA)

i's r@éf&?iﬂg%t Ure 4OVWRe (é?MUIéﬁo@Q@%ult frethe UEH=REE pump circuit of
msrratc s ilJustrated by the current msmatch curve

Figgrg 1 | Shay- pdh 66’@8%56’“? HSPreﬁﬁ’étséh? GIFAtrq gurfﬁﬁt Valjeeand the

hdri2ostaITRLE Yl th@&‘e@kérfc@moltﬁgé NRr& 0an@v @alle! @fich follows the
current msmatc uite &g{ Anot her XI s

chetis BUmBL IR, FuiAde Vel | et cutfest RvoRp Jhiauo N9HdoouA) is

m@r}kad gr&thp uum(cﬁmmmn)?ganh@ bugerrtedfsemg rtlﬁmtrglssg/ldﬂr ©€85uA) is marked
. th a ack networ ortiqgn of e

wit 2SR, i ACBh 305 hen g Ut ohE SPRTIAET o8 iyl by the
cug@at niiinatchi cwue t204set ¢dre be eqilsecadbthas tise reirouit is3@4t able to
N T N

V_ds of this charge punp is narrow which inhibits the
f eedbadler QR né réh'grg%oﬁgr@%'&@u iRfas ré(ted‘cfH%Lﬁ‘Q%' 9%he charge

punp CIrCUIts anno current and are
pummEteRnecishan erigwal current source (I_bias) with a feedback network portion

300, a core charge pump portion 302 and a replica bias portion 304. This circuit
uses the replica bias circuit 304 to equalize up and down currents regardless of the
charge pump’s output voltage V_ds. However, the voltage range V_ds of this
charge pump is narrow which inhibits the feedback loop from operating properly.
Such charge pump circuits cannot have good current match and are limited in terms
of dynamic voltage range.

There are some charge pump circuits using digital circuits to control current
mismatch. However, the digital circuit has to be turned on at all times to achieve
good current match, which causes problems to the charge pump circuit.
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of dynam c voltage range. There are sone charge punp

circuits using digital circuits to control current
won@smsaB2 However, the digital circuit has toP@ESG2006/000261

turned on at all tinmes to achi eve good current match,

whi ch causes problens to the charge punp circuit. A

need therefore exists for cgnpensating current

m smatch in a charge punp circuit that seeks to

address at | east one of the above problens. SUMVARY In

accdr eraftberdfere exidts fascompgaeatingeurtiest pisssaieh in a charge pump
cifclY 813k b&dksBeicirdss 1A BiRtlofin QBBG@P%@néﬂ reuit

conprising a core charge punp circui a replica

charge punp circuit for sensing a current msmatch in
sUmmARY e charge punp circuit and for converting the

sensed current msmatch into a voltage signal V ctrl;

wherein V-ctrl

ensatin
ur 1S AECRNFER W A TEt et & BRI eh tare s Rded a
chejecpurhproireuip Uﬂmpﬂ$|hg‘- @ dorﬁ&haﬂg@qﬁuﬂﬁﬁe cielit; msfeplicd gtige pump

t d i - el .
ortf 350 Shepd s bi Rt 38 b P4 Sl DU b apo o
cohhertihg the sensey parranidmishetéh ingt a peltqg@&slgnamwS cslt evheredavkctrl is

ut@é?c{%p cbr‘ﬂ lertljéjaitlﬂ tllié'\@ur‘? t%ﬁ%&{cﬁqﬁ% cqr, ?@e:g)glmpacqlecwt

IrCUI connec ween a poi nt
and a CP out point between the SMAtCh eIenEnts on the

fir SI{hearﬂ)(rie %ﬁﬁ%%&ﬁﬁ@ﬁ&ﬁ@mﬁfﬁ%ﬁﬁe’ stn c}&'ﬁ@trﬁﬁggt’op nd a first

charge pu circult seco
-b/parﬁrgnglﬁtw @afa"% figst @04 @eemqman@h%mt\ye@r resm@tlmral@ﬁ of the

f|r§c| rﬁ%@taﬁd Qlﬁe fi r@?pﬁﬂf@tréﬁﬁoﬁﬁaém&aﬁ% MU LR YwitcBfelements,

he Core charge punp circuit connected in Series
aqﬁ’e’? Yeliager lRlioweragitesit qonpered bebyRgn MRl ity POl apd R _out

pdinteRfedn tﬂ@%k/ﬁtb@ klen®His 8n HREFIBESd $Rd WrdrHthes %dp@@!ﬁely,
taken fr gomt between the two switch el enents, of

t he thepRl 'E% CE I9ERUMIR RFPYE PRINCludR P fPq0BF Nslypp reagistop and a
seabnd he:ypenuaartsnstér tthe éwﬂba@mérm@mfand Séned Wpe-?l%stﬂhe switch

out ut t he feedback cir
SRE {of e, 608 BT a TP 0t coriipr AN SEBS FRtufeh ihe rains of
the Isecmnd n-ftycpe andh e !;ect’umd\p tybeltransistoraand mpfeeﬁfaﬁdkrigoﬁ wah one

gl GEM oo BT BRNESR NG SR RENR REMepaf e ety Tharge
pump circuit and V_ref supplied to another input of the feedback loop and V-ctrl as
the output of the feedback loop.

The charge pump circuit may further comprise a first current compensating
circuit for converting V_ctrl into a compensating "up" current, and a second current
compensating circuit for converting V_ctrl into a compensating "down" current.

The compensating "up" current may be supplied to the drains of the first and
second n-type transistors, and the compensating "down" current is supplied to the
drains of the first and second p-type transistors.

The first and second compensating circuits may comprise respective
differential circuits for converting a voltage difference between V_ref and V_ctrl into
the compensating "up" and "down" currents respectively.
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The conpensating "up" current may be supplied to the
drains of the first and second n-type transistors, and

wa b@sosmgensat i ng "down” current is supplied tRPCT/BE2006/000261
drains of the first and second p-type transistors. The
first and second conpensating circuits may conprise
respective differential cirguits for converting a
vol tage di fference between V. ref and V. ctrl into the
conpensating "up" and "down" currents respectively. The
switch el enents may conprise trans-gate sw tches.

Cur masiswittts BRhfghtd Ry RenpHbs trand-gale swiknspensat ed over
a range of nore than about 1V in variation of V_ ref.

In accordance with a second aspect of the present
I nv@utreanmiisnedteh insaypbe substenallreddngunested aovee RS@hga ®f more
urrenévm snat.c harge punp circuit, the nethod

a
th%?&)oﬁt ﬁ@@%ﬂ?nﬁﬁwt—ﬁ%f?current m smatch in the charge
punp circuit; converting the sensed current m smatch
[ ol.t trl kLSl - ctrl
!B AP UALE B RRLeDE e RSkl Rl g o
mathisd DRAMNKRESstingoclirramtraisoaitanhia @ rphergei pumpi dincuihethe method
coh‘& dlg‘ﬁgrs%HQE? %ﬁéjegrréﬁgmgﬁ@?d r%‘ r%ﬁ@ Eg&g@t unfh Qi%\}\t;r)i&t)?vgrr]ting the
segeedt rqugpnbﬁnlswtqmyntgf aex@[tﬂgpesgﬁaly \ _ﬁﬁlzl a utilising V-ctrl to

coﬁ%hé‘élé%é’éhr\’ér&%uérhﬁtcﬂr awi ngs, in which: Figure 1
am of an existing charge punp

B@ﬁF&FQCB@T'QU@EH&Pﬁ@M Gthd down current mi smatch;

Figure 2 shows a simulation result for the current

tch. of th char CI r
Fi o EnBorBeRIRSY Lk HE TS e e %rsgwﬁpaf@. By apparent
to fopie dfestiinbgskibin e aMfB:ﬂ?&iltlﬁ‘él follEWﬂiy erﬂel’s leweiption, by way of
cir ?:wt d|§3ramof BAnG ﬂ"i% ”Ré: rc wth a
ex?@r? @80@5%'0'13%' |é€?v§ g §ﬂ up and down
current supply circuits connected to the charge
Figure 1 shows a circuit diagram of an existing charge pump circuit for
compensating up and down current mismatch;

Figure 2 shows a simulation result for the current mismatch of the charge
pump circuit of Figure 1;

Figure 3 shows another existing charge pump circuit for reducing current
mismatch;

Figure 4 shows a circuit diagram of a charge pump circuit with a replica
charge pump; and

Figure 5 shows up and down current supply circuits connected to the charge
pump circuit of Figure 4.

Figure 6 shows simulation results of the disclosed charge pump circuit.
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punp circuit of Figure 4 . Figure 6 shows sinulation

results of the disclosed charge punp circuit.DETAI LED
wWORBERSHTI ON Referring to figure 4, a charge peempSG2006/000261

circuit for reducing current msmatch is discl osed.

The charge punp conprises three portions, nanely a

current source portion 400, ;a core charge punp portion

402 and the replica charge punp portion 404. The

current _source portion 400 conprises an origina

DETALER DEBGRIBTION:) as and three transistors (QL , @,

CB) These transistors mrror the current fron1the
original current source | bias to ositive an

negaRSIEng e fatrectrd efares PLRREFAUtdon @Pﬁcmﬂ&uaﬁnbmﬁg*atch s
d|§<¥k5§e@im'l'h|ﬁ dh(taj@ Mpf@ﬁﬁ;ﬁsb@tﬁréhﬁpcﬁmﬁfsc Rar@ély jﬁ?cu&adt sbuadeportion
: e drain o 0 an .ar
4o (g PAGRHER PoHRD LB ELE BRIENEIRE RPREton 104
connected to ground. The gate of (B is connected to
' tS raéu%&?%o&%%{ aoe %r} ?8@ ﬁ§p1%g§?sr gﬁ Ior%nl?} ggﬁ oégu?ge |_bias
arui thremirapgstets (©@1,aQR0ER).I Tbesa pphyistors trager theddlrreﬁhérom the

orfrélﬂ{a? c‘ﬂ h9SobiddP Bfa'éct%' élVé %osﬁt@ecm'ﬁ‘éb%tg/et 8uﬁ)g{3 currents. In

current —source receltvin
parmma;ntr@ original lpgrrapt Chiaseapnnects do die murcev I@é QSoanccdragt of Q1.

Tlﬁd}a% STay TRR Ny o#hﬁ SRV EELaRf; o%d aageth&e @ﬁé %ur‘éEs ot

@B are Jointly connected to drai n of
a'”tdw@Zd%fﬁ/nCQﬂl?PFf@ﬁtto&Wééndt Heesgrie & %5% 'woe@ﬁﬁﬁ%ﬁ% i ﬁrﬁ%am and

fuRtRel ©aRe Graikdbf & @e%@u&é%"@h ag%ll%t B8 dHgirld? cuknt source
and Q 1 are connected %et er to t ‘E original current
p

Q
L@@é@é%cqmﬁctféi ta.afrmw SUBBWWelA9& Meddip and down
current carrying tran3|stors ML and M2, there are two

parall el braches co I.Si ng, four tran te sSW t ches,
Panels garé S5a108.RaRR pul Y2, gkt o dpg drpred current
sALOcEC R adcdighyasn aMl dowth blréras.f oktmhe apircuesht bidanaefhM1, the

40 h d '
o B0 B REE8 BATB B el -8 o R0 are
Joindy Sotinented &2 theSaraamaf L. aAe tlsedowh Io;arreohaidet the saurce of M2

con%r tSE}hg% ceg Bl {}aﬁg %ﬁj ?ot gcri] Ngl'f}% V\gatyg GQ% Qﬁd Q1 are

a e rererence ref en the 3
CQB(Bteated tgetherite tmeaormlaai@enrrem scwgrze \/biesfdinestal so at t he

Between the up and down current carrying transistors M1 and M2, there are
two parallel braches comprising four trans-gate switches, namely S1, S2, §3 and
S4. S1 and S2 are serially connected between M1 and M2 to form a current branch
406 and the charge pump output VV_ds (CP_out) is taken between the trans-gate
switches S1 and S2. Parallel to S1 and S2, S3 and S4 are serially connected to
form a dummy branch 408 between M1 and M2 where the voltage reference V_ref is
taken between the switches S3 and S4. The reference voltage V_ref is also at the
output of an Operational Amplifier (OPAMP) Op 1 and control signals D and U for
the trans-gate switches (S1, S2, S3 and S4) are taken from a Phase Frequency
Detector (PFD).
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out put of an Operational Amplifier (OPAWP) Op 1 and
control signals D and U for the trans-gate sw tches
w@ 3bg/08A82 S3 and S4) are taken from a Phase FrECUSGLNG6/000261
Det ector (PFD).Between the current branch 406 and the
dummy branch 408, a negative feedback [ oop 410
(voltage follower) is formed; by Opl between the charge
punp output 4 11 and the reference voltage V ref. The
replica charge pu circuit 404 is used for sensing
t he Beiveenttherosirgnt hrascht 46 aad dhe iy fuapehyd08, a negative
fe%@%kﬂob@ﬂ'lbq%l'té‘g% RNIGNEG i FhetbyPoh1 A Mweéh HRLERAGK pump

412 is used to convert the sensed current
OLIffP%trf’é‘ﬂ(ﬂ*i‘d the 6°faranspvatiRosY.grhl , v ctrl. The replica
charge punp circuit 404 has two transistors (M3 and
nd t trans- ate sW t ches 5 an M3 and M4
have Gerlicaenatgs g %%“'&ﬁﬁ“ %%aff’r S%E?"E%*Be%"ﬁ%\%'smamh
oft {he seaeciErge msen 402t o Viithin Me r&BlicaSehargd Pdingnie out 404, a

1eBABRR DG4S el v 1<, SPtsae@ o frgiGicbriplels ypaoe

sigmad, Wittd.an be conpensated in the inplenentati on shown
in Figure 4. It will be appreciated by a person
skilled in the art that for ML and M3, and for M2 and
M4, TEhegeplicancharge pamplicuit #04basitwa yanisistbisy(M3earsd MApand two

tran 4 dle "SGR bh& S ghq\né LRGN BLGe T E?Jﬂ@?uz@aé'ﬂﬂ 20d M2

are nal nt ai ne n S_t ate conti nuous uri ng
Whilea S§eansi H9 ba\fﬁ: rth@uqarr@oyzgp@ &i toh S4BeMibeP5.t H6 and M4 are

cdrinBBRE3H Sefdd THRESurREnt MlémaRh RieCBNAE GldeORisRtéPEndthe drain
point Ais coupled to a second Operational Anmplifier

VCdﬁage% &f ft@nﬂsmfé Mdgand M2 rcaB disacRMPEBRAIRd 11D thepignplementation
sHovatiRasdurt qon vl Be abplcBrRitd Y & 9ars@heskmed MR it thatior M1 and

404 | roundthe eratio [ifi
Mg prd %ﬁd‘gﬁ "r"a"i" [9opg majeh c iﬂ?ﬁ%\’ﬁi’AngPécaﬁ%é‘%fS aBan 1% in
rell ama:msnrméatw% @d’@é\/&fllcﬁéi (SH and 861 apamtdistalrd, att B® on state
I n 0i, nt nked.tq, t |nvrt|n I nput
contRudysy SRR IR, phayR S et S0T opiFth. KSrdaRH e trans-
gale tspuitchekl 85 aindCRE, 4 eohrextibn\nearkédgs ipoinitA #&ldoupled ® a second

oR B I b e AR AR L2 7

The feedback loop 412 of the replica charge pump circuit 404 is formed
around the Operational Amplifier Op2. Here, Op2 is a rail-to-rail OPAMP and it is
used as trans-impedance amplifier (TIA). In particular, the input from point A is
linked to the inverting input 414 and a control voltage V_ctrl is fed back from the
output 416 of Op2 to the inverting input 414 via a resistor R. On the other hand, the
reference voltage V_ref is supplied to the non-inverting input 418 of Op2.

For the “external’ connections of the replica charge pump circuit 404, the
source and gate of M3 are connected to the source and gate of M1 respectively.
Similarly, the source and gate of M4 are connected to the source and gate of M2

respectively.
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For the "external" connections of the replica charge

punp circuit 404, the source and gate of M3 are
weowsestiezrl to the source and gate of ML respeckCWBGE3006/000261

Simlarly, the source and gate of M4 are connected to

the source and gate of M2 respectively. During

operation, the current msmatch of the original charge

punp output V. ds (at CP_out) is mrrored to point A by

the replica chargf punp circuit 404 and sup %Iied to

t heDyEoowiemyenat eopkirenhmypmaicsr ofdhe origiad iphpege RwgP Litput

V_d& /e‘at ¢b_ddipis” Mi?roréd'[cf F&Bt Rrby'\fpaelrépllc@V&krddWﬁuﬂnb Rrcuit 404 and
current becones _hi gher than V

supplaHg she é%ﬁqn@'r@p%t'mad, AGIPITRE AP eI f s 7 ?L“m rthe up
out ﬁgttqd MR &S RWRS (tha@waé “GdvaR c;v[m’éﬂf Y ;EhUlSecohr& mgmarramhw ref. If
Ja€e, U and. "down" current, i '
thq e e F BILRE i B8 S6ie sk VAL Proman gl RSy vorer.
Th_dis{ fher Biiaadh I theuiups sdte‘dowat cliderntoin wffettivale conedrted into a
nt Q. co ensatl t
gt SERERSA Y Lt RSt e Sl B ly copver
theéVagtriainid c(dn)pen'ﬁbmgjcm_cér_m&ghadm aFloe differgntiel cicaits am$ descrlbed
beré{\g‘&ft@aé%%ﬁﬁﬁ {Ooﬁgirgapegcg(é andb .current i nput connecti ng,

4. Mand | _3 are for

recei vi ng conpensation current while | 2 and | _4
are r v pt
Conpﬁeq%s%{%&&%d bﬁ‘é}géwt%ﬁ‘éddge R4 RA TR add_ﬁhﬁlal current

ng curr plycircuit is show
infEit poneesing) aéﬁ&?dt ae Lcbrip@nkat @“’l'% |4 ot 206 2 @fe & prﬁF?'V'”g

ehééﬂb%t“hat 8ikrdht \Aﬁ'hlgqr@ and P)4 aRefof Fédeing @oﬁbé}hﬁa‘ﬁon “down”

e CO e " t
B Bt oReeE hmCou b Ao it L P, 50 e

thé‘E@mE@Nﬁﬁn? F@dver” dueht $uppii e ildétrated BYEFig@reM(D). f or m ng
the current source. 4 to Q7 form source | oop 501 and
Mb to M/ are connected in parallel. Wthin the | oop,

' ReHérdihg 1©0 mye@é s5(a) ¢’ sotipansatiag d"L@’r curchndi source 500 is
G RRES e R R0 O MBSy o o7
anﬂhﬂSS@M’it)@@mﬂnﬁg f@”e ancenféounce. hive@Y dorm sowrce daxipt $04and M5

X@%ﬁgeg?cg]\ﬁ/\eg d | 6aq§| ﬁﬁg nﬁ Ié’}%i Cgs %Fa% %F dpts to Qﬁ’s drain
ar@aﬁl@’safra@moanelctv tetQ’s dsanapmheag)ur@smf@@and QB acgsconnected
to@%ﬁ%@ ig? dpl%g vigl i RPLE.SuRECSERNNRR 88urk8s (dTEQ8 UHLCRT are

connected to a positive voltage V_dd. The gates of Q6 and Q7 are also connected
to the drain of Q4. V_ref is applied to the gate of Q4 and V_ctrl is applied to the
gate of Q5. For M5 to M7, all sources are connected to the sources of Q6 and Q7
and all gates are connected to the drain of Q5. The gate of M5 is also connected to
the drain of Q5. The “up” current output to node I_1 and I_3 are taken from the
drains of M6 and M7 respectively.

Referring to Figure 5(b), the compensating “down” current is also regulated
by V_ref and V_ctrl. In particular, there are seven transistors (Q8 to Q11 and M8 to
M10) forming the current source 511. Q8 to Q11 form a loop source 510 and M8 to
M10 are connected in parallel. Within the loop 510, Q10’s drain connects to Q8's
drain and Q11's drain connects to Q9's drain. The sources of Q8 and Q9 are
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and all gates are connected to the drain of . The
gate of Mb is also connected to the drain of . The

WO a@8/0301182 ent out put to node Mand | _3 are takeeCr/$GmNe/000261
the drains of M6 and M7 respectively. Referring to
Fi gure 5(b), the conpensating "down" current is also
regul ated by V.ref and V. ctgl. In particular, there
are seven transistors (@ to Q 11 and MB to I\/IlO)

formng the current source 5 11. to QL1 forma | oop
coporpted Io gorundd e seurges afr@1Q GRALRt bare ropradcigd & a positive

voggéeh\/nd& be 4 e@Retldurddlfis q*hé'g%t&%ﬁ@@bﬁ&@ &fe Sonnected to
rainTand Q 11's drain connects to

the 66 66 OO0 B Thds eBPIRFCEURR el 8T BIOASLIAEN T gbplied to the
gafduf Q8%. For MiDtoamd 0 QhdlscrkesCaBnRphected @ mepgmreesxef Q8 and

volta dvia a curre ource, 512 h
QS Frsrana S fbeced chyatied e graf o el of e also
conpPdte@ b the drhie Fa® The QbMhpanshtiigctiown &Jreqmloutmilti @ and |_4

are JoHL oM 16 TASSTulBee ek Shtay” Wi Be HpPrselpted tha
SOﬂfdeS@@Q%lda'lé oay MeOhMreobfrdJm@ndmrrentﬁowpa The gate

h@’lﬁ gve?' 8;5%%@@3 CE:I? Hm% dé’r@hlfé géro% Igﬁent mismatch

cur out Ut
feedﬁee:h rrmerfeemo&rvall wgmenweethel cwemtewmﬁtcm/emq/forc@ up” and

adivh! iR BPASEEIREPY Widdtly SRYGAgs 502 and 512 may be

rrored fromone current  source. The above-di scl osed
charge punp circuits provide current msmatch

f eeghaiatibh (?eétﬁt.e&‘*%ﬁé |é||s‘6’|dsEd ‘éﬁ%@rﬁﬁ&cﬂrcﬁﬁ i§ Hl‘és%ﬁfed in figure

m smatch and force " and " currents clo
6.0VBe vartigalers \anasm“aﬁ@tél aHe Qﬁﬁeﬂeatth%m?@'g‘tﬂ“t%ﬁenf kalue in pA

an@i‘ 2Fdres@0y AHIGE IR IRNIPref réspettivelys ﬁfﬁl%eg’rhﬁlﬁi the “ﬁrb”gwr%ntl up
The verti cal aX|§ nd horlz
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60436fu&|n’énf - ehishaiReCthe/glaph showstratghe mrrehhmishugith is less than

atlh G we e fiaite oo e Shes HhAE Mok b T ghows 1 5v,

i. e(;lprd\ﬁdlﬁgﬁm\sn‘.aﬁ @hgf-ﬁ;?@?a@i‘“ ah/wtsl\t bP:ldso sthm/:c/m:uT Figute 6 are the
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|.e. providing a V_ref range of rmre t han about 1V.
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currents 1 n curves respectiv
and/or modlf cations may be made to the present invention as shown in the specific

embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects to

be illustrative and not restrictive.
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It will be appreciated by a person skilled in the art
that nunmerous variations and/or nodifications may be
wOora@e/ 0818t he present invention as shown in thePGPeG06/000261
enbodi ments wi thout departing fromthe spirit or scope
of the invention as broadly described. The present
enbodi nents are, therefore, do be considered in all
respects to be illustrative and not restrictive. CLAI M5
Ascharge punp circuit conprising: a core charge
C%ﬁ% circuit; a replica charge punp circuit for
sensi. ng mdwgepumcﬁrﬁanebmbﬂsuh@e core charge punp
ci rcui Pgr o1 converting the sensed current msmatch
into %0 V& zggeo'“@%ﬁ'gﬁ 't\/ ctrl; wherein V-ctrl is
uti la seypdicé arha(mmpenmatlrmg foheseosing entunmestnmistimatcin in Hiee core
r.eui
ch%?é@ Pﬁr“ﬁéﬁ&lﬁ) léﬁﬁ f&l &%Weml{lg?the E@ﬁﬁ&dqg%r?%tc lgﬁ'lagéhplﬁ)#)p 5 voltage
Sl@marlélup’trl includes a first n-type transistor and a first
pt Y RghdrEANFLcH R utiiBad 3 &m ér{sﬁﬁnfﬂ% i Q%Q{%qﬁs‘the core
bet ween respective drains t n-ty
Cfﬁrg%PUprtCV@ét transi stor, each branch incl ud| ng two
switch elenents, and a voI tage follower circuit
connect ed betvveen a V_ref input point and a CP_out
poi i bethReSHafgRPYnp CheHicrplaimes ipslaime . hesin and

secand cbrerbl: inaa ﬂwerﬁéu.t\/mbmeé aef.rgﬁﬁltypfeatrgﬁagteeaﬁ@ Efirst p-

clrcult econd n transi stor an
% UGHHSRE (AR Tt e o] REATEAPS PRNA P etlys drgs of the

flrSiaﬂB/pte)and the fiish p-type trﬁﬂi‘slﬂble R Branf:hlir’fmlcﬁmj veHiteslements,

arh BV Bads e 60 DB R rred Bebiirf VBT ot e EP_out
pcgm?amée&etﬂlbmktch @tgments bn dhmeefi rsthm? sécanlnel :berér:icib?: aliﬁ:t:rcméely,
€L WhE e ﬁ%t éﬁlﬁ%é\\g ‘T@{]cﬂmﬁ LQ Ht){ pb?n%?tgr and a

punp CiFc ano
sechad fretygb attkndision tmmdthdt elemmm h:eﬁ that gante djpe tae the switch

elér‘?lgqilgaocf lfhézg&g' ch%F]%eT ﬁEQFthe%' ih Cs%h&s Bét\@eﬁi tHE Qirains of

Fisi
the second n-type and the second p-type tranS|stor and a feedback loop with one

input taken from a point between the two switch elements of the replica charge
pump circuit and V_ref supplied to another input of the feedback loop and V-ctrl as
the output of the feedback loop.

3. The charge pump circuit as claimed in claim 2, further comprising a
first current compensating circuit for converting V_ctrl into a compensating "up"
current, and a second current compensating circuit for converting V_ctrl into a
compensating "down" current.

4. The charge pump circuit as claimed in claim 3, wherein the
compensating "up" current is supplied to the drains of the first and second n-type
transistors, and the compensating "down" current is supplied to the drains of the first
and second p-type transistors.
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first current conpensating circuit for converting
V ctrl into a conpensating "up" current, and a second

W@ nosesitiszonpensating circuit for convertlng \PCT/862006/000261
into a conpensating "down" current. 4. The charge punp
circuit as clainmed in claim3, wherein the
conpensating "up" current isjgsupplied to the drains of
the first and second n- type transistors, and the

wqﬁnsa H'down" curre E gﬁkued to the drains
o Bngr BuwpBisireqt ey sEimed i o5 4 vherein te fist
ardtategcenobmmmp‘ansamng cirsuitd @ompiisé Nrespadtive difefertial circuits for
; e ti ircuits N
cofJEFb 3 e Wil REGRVETLH, FRPRENT B 08 g FStosiating up
ansbiewnt curgends tesipeatidelydi f f er ence bet ween V_r ef and
V ctrl into the conpensating "up" and "down" currents
respectively. 6. The charge punp circuit as clainmed in
any @ne dihet eharge quwal wijcet @sndainiskireiany tdre shithe preceding
clAhRMRAERICPBRWIRK etén?é}gs Qé}ttﬁné‘"ﬂrér%h%:te it char ge
punp circuit as claimed in any one t'he preceding
claims, wherein current msnmatch is substantially

conp:ensatm@ RGe %Jngﬂgzﬁ'c&lf a@él@lﬂé&aﬂt 3RPWnel ¥ ithle preceding
variation of V ref of conpensati ng

claimsy whereih SYEeRh m'ﬁma’fCBh'arﬂ@Stﬂm'ﬁ"yc CPRRPRsated OVeEhErRNge of

morerthan abawg:1\Vsianvatiagor éfe/ g rent nmi smatch in the charge
punp circuit; converting the sensed current m smatch
into a voltage signal V_ctrl; and utilising V-ctrl to
comé@ns atemethedad compensatsigaiuadnt mismatch in a charge pump circuit,

the method comprising:
sensing the current mismatch in the charge pump circuit;
converting the sensed current mismatch into a voltage signal V_ctrl; and
utilising V-ctrl to compensate the current mismatch.



