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1 A CHARGE PUMP CIRCUI T FI ELD OF I NVENTI ON 5The
present invention relates broadly to a charge punp
circuit and to a method for conpensating current
woi2868Rk6iR2 1 N @ charge punp circuit. BACKGROUNDIBG2006/000261
charge punp is an electronic circuit that uses
swtches to control the connections of voltages to
doubl e vol tages, invert volt ages, or generate
arbitrary voltages, depending on the controller and
circuit topology. An exanple for a charge punp
circuit applicatA@HARGE PUMR CGIREAT | oop circuits
(PLL). For designing a charge punp circuit, an
i mportant objective is to mnimze the m smatch

FI%E.:D\A@EM&ENTIW (pull-up) and "down" (pul | -down)

I'n""an i nteger-N synt hesi zer, the current
msrratch wi || cause the charge punp's output spectrum

hﬂYee pfesBHIMGENtORT BIRRC BrosBl T to FehafgeaainpratuiNand to a
esi zer, the current

lf@rrﬁonm*?aaﬁma@ﬁ?@,tﬁwmgkﬁg% SR blmpaiag an extra

20F| gure 1 shovvs an existing charge punp circuit that

W{’QNE’O deal with the m smatch probl em bet ween
and "down'. In this circuit, the

ori gi nal current source | _bias is mrrored to a

ng[bh%rﬁé Bl h§ aerhcslef:@csmdorcﬁaﬂnthan@sam BWitéhesuio) canindl the

cennaotons aRGTEoRT W EoTe Yolgae [ ol of peldef ey
vﬁltﬂg{eﬁ Ndepeadiny ion @16 d‘.c&lhBllertanﬂs:tr(:Mtopmyy Apexamplg foraascharge

pgrgﬁé&%{.@ eapgﬁ%‘h? nE rm tﬁgﬂed Rép cR3uith@®LB$) Fr deSRning a
charge pump circuit, an 1mporl:ant objective is to minimize the mismatch between
“up” {pull-up) and “down” (pull-down} currents. In an integer-N synthesizer, the
current mismatch will cause the charge pump’s output spectrum fo have a higher
reference spur. For fractional-N synthesizer, the current mismatch will cause an

extra problém, known as higher in-band phase noise.

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” {|_down) cumrents 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 (81, S2, S3 and S4) of the same size and they form the
current branch 101 (81 and S2) parailel to a dummy branch 100 (S3 and S4). Each
branch has its two trans-gate switches serially connected. The charge pump output
voltage V_ds is faken 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 vaiue V_ref follows VV_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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current branch 101 (51 and 82) parallel to a dunmy
branch 100 (53 and S4). Each branch has its two
trans-gate switches serially connected. The charge

‘,ﬁ}%gs,&g{sgut voltage V ds is taken at the CP_guitsqadciioozet
etween S1 and 52 and a reference voltage V ref is

taken between 53 and S4. Linking charge punp out put

(V ds) and 30 the voltage rgference V ref, a negative
feedback i's forned via an (gerati onal Anmplifier (Op)

so that the voltage value V ref follows V ds. In

(CResid) bs arspelsiedD alnd this agiesulli @i Chrasi dirgatien f Bomigimized by

iﬂﬂBl@ﬁ%n{iﬁg{sﬁnH %@Mcﬂ%ﬁ%@éﬁj (tsg REBM) Wwith @OffIRAI size@and the possible

trans-gate swtches .that th f .
b SHEE ISR Roaiieet Ry Tesinante o, dh EHEH® hying
thaegislons @1, IM2)t hDeriny oparhtion, M1chad Y2 amj rext tswitphddson or off to
feiice ' | ; . IO
el p ot Rt RS kg (he (el LI A0E2, (en te
obhmgegrinmjseet lonbits Flednd 88 arg dasad- herfuignt ifediygriad into a

RbnnfHEUrRAL breAEH Yod\a bBamdIsst ors (ML, M2). During
operation, ML and M2 are not switched on or off to 5

prevent current switching effects on the drain of the
cur r gnthesehakge pumiVuiouit, terehadisgie apysemadicafuftent eariation due

bot h _Si I ] ' ' '
Bl B b 1EE e 0 YRR BRI
mismatch of the charge pump circuit is in practice difficult to avoid.

Referring to figure 2, the simulation result for the charge pump circuit of
Figure 1 is shown. The veriical axis represents the electric current value and the
horizontal axis gives the reference voltage V_ref (0~1.8V) value, which follows the
charge pump output voltage V_ds. The cuitent passing through M1 (100pA) is
marked with |_up (curve 200) and the current passing through M2 (-95pA) is marked
with |_down (curve 202). The current mismatch is illustrated by the
current_mismaich curve 204. It can be observed that the circuit is not able to
compensate the current mismatch and resulted current mismatch is quite large.

Anocther existing charge pump circuit is illustrated in Figure 3. The charge
pump connects an original current source (I_bias) with a feedback network poriion
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 conirol current
mismatch. However, the digital circuit has to be tumed on at all imes to achieve
good current match, which causes problems to the charge pump circuit.



In the charge punp circuit, there exists a systematic
current variation due 10 transistor m smatch between
ML and M2. Consequently, the resulting current

m smat ch of the charge punp circuit is in practice
difficult to avoid. E@ferring to figure 2, the
sinmulation result for the charge punp circuit of
Figure 1 is shown.-The vertical axis represents t he

el ectric ent value and the.15 horjzontal .axi
G ves At et e B PRty o R AR If §icRarge pump
viduithhdtebblians ddbess balegs opel opthe ubpwet pmubmage V ds.
The current passing through ML (100pA) is marked with
| _up (curve 200) and the current passing through M
GuUMWARYi s marked with | down (curve 202). The
current msmatch is illustrated by the current
m smat ch curve 204. It can be observed that the
ci r cuirt accordante altha firgt s@ped offhersesant inventoortheratis provided a
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P?’la’f'rgg&)%nr a%u’[&%‘gtﬁ T‘:gq X#é%r?%aﬁeaé{gﬁﬁ Qlﬂénl%'t g:r?@ﬁ:atch?rsge pump
icirduits for agemding na Mugenie nBsmatbke i the gore whprgeopumer taircwih and for
i.nal S d -~
%%'{“;\%gr thg %Ftttsel?it %%%H{ @%Eéalrteekplgﬁ) Q V(‘Maégn%nagg Taﬁgbtﬁ%%m V-ctrl is
aﬁ@edfoegMnmﬂwbﬂmsmpanmbnhmﬁmﬁﬂdﬂhw@ecmﬁxchwgaﬁum96$twtthe
it §
£018, doBRle Atn P bR it AU L BeFaNaL? EndiB ARBE (8 Ransistor,
peﬂaileig'est\emttsseddodmmrch% betweehtrag:wchmwgrame cdéheﬁlrat nitgpe and
r ep (}/I%ngraérr%gpoﬁ%aoc\é{rM‘Qh&'{qmclﬂ@ 5 'ﬁJ\ig ﬁgﬁgﬂegﬁﬁ%lﬂ?sc lénd a voltage
f:ol!owan ticcuitanonoectedbetwgeodh Yuef @t peiticéncha CRyogt point between
: of ¢ Q. . ,
e B i R s TR Rl bl B el i ica charoe
pompcm’cmrblncmdes erxiecmctrrmtp@rtraridmtmmd a sdvendingipetransistor, two
» tur a
% |(Bc %I%rrnregtzst 5f(%h$ %ﬁFn% V;:R;?eg Erraeuévglgéh el%ﬁg?ﬁt@ o#?h@?ﬂJeec\ﬁgrge pump
chantgmnpelmtpd @t sengistbetwden the dralnth thedsached eftgpeeand the second
i St C it
B ¥R)e ’(S arI stor 8 gqg Sebea o%g gtgrneegrsrﬁﬁ%lfefﬁ c{?‘n 4 H)%Iﬁ]bgﬁveen the
t\m:eswbzbwerpentbloéﬂm resum\mahge pump cirduit saaddbirefavpelied toranother
t %pﬁ | .
%PL%%B% qg@a%%g? ?Jeop e{ﬂﬁp\?cﬁf F dﬂl\épqﬁtol‘ % fBQc%a%k Ic?og and further
cd:rapwrg) umpf!rsi rc:nmeht caommplsatm c:iralmg e‘op umuventmg uVtctrl into a
e
SeSEAIE” shteho A FsS T iy L il R Ao convertng
Ni_striaitolz dompeneatingl“tage’ airmgnl V ctrl; wherein V-ctrl
is utilised for conpensating the current msmatch in
the core charge punp circuit; the core charge punp
Ci r cuiThe icompeckzegting "dp"reatrent m;apbetsruap!'ﬁ'dstb dhne drachsaof the first and
first PriyRe LI i St I i ) .
O R SRS By, SR hafing bRl 2 df Ybbied to the
drainspe tieenfirst dred $6cosd ppype/pansistemsi st or eac_h branch
including two switch elenents, and a voltage fol | owner
circuit connected between a VLref i nput point and a
CP_oufh@oiinst dret weeond henpsensaiinge lceomtst snayn comerise. rrespective
%ﬁdﬁbengglocgr% 1@ fbﬁ ﬁ%ﬁ\?}r{lr? Q?éhé e!il%ere{’rpg b%r anéﬁ&r%ﬁsemdg\? ctrl into
thesmogrdsatingy'pp” andlisivet wrreﬂtmspwﬂbrelh el enents of
the sane type as the switch elenents of the core
charge punp circuit connected in series between the
drains of the second n-type and the second p-type
transi stor; and a feedback | oop with one input taken
froma point between the two sWtch elenents of the
replica charge punp circuit and V_ref supplied to
anot her input of the feedback | oop and V-ctrl as the
~out put of the feedback | oop; and further conprising a
first current conpensating circuit for converting
V;ctrllinto a conpensaring_fup" current,_and‘e eepond



4 The switch elements may conprise trans-gate

sw t ches. Current m smatch may be
substantially conpensated over a range of nore than
about 1V in variation of V_ref. Al so di scl osed
is a nethod of conpensating gyrrent m smatch in a
charge punp circuit, the nethod conprising: sensing
the current msmatch in the charge punp circuit;
convertin ed current nl w%e “MEO 10 a voltage

si gnal F“I?/S\%FW ‘ge@ﬁﬂ S 90995'59038? ¢ fipensat e t he

current mismatch; wherein the core charge purrp

circuit ude first t ransi st

Fi v ot CHreglyBiRarE ey G > palatPri Ao G FBE adrgos of more
bfaarabbetsnbmtuaﬁerbrrasp_eeﬁ ive drains of the first

n-type and the first p-type transistor, each branch
including two switch elenents, and a voltage foll ower

Ci r cUiAlss aRbIeséE i @e‘rﬁem@ﬂoﬁicdm_pie}fsaim‘gau.nrrqmimnsmamd ima charge
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fyfp@fﬂaihsiéﬁirnéadﬁebr\aﬁem lridlehrtg\l\mrossw;tohfelehemtenam afvdthge follower

l.ica cha unp uit an
eSS B PR P i B ¥ o PRl swich
ektriznts o tfﬁehﬂrsﬁ emdbseknd mmchembgpemglya tiie remlca charge pump

current ensat i r cui converti

Pl el AP e atlPr oAl @ ST ULIHG v Sabh o swich
elkifricRid ofCthaRARRAypE Gs thde ewitth élememsmfethe icnge shatge bump circuit
ie%t] 0 conpensat.i n

" down’ rrent
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bandigbit end meé%ﬂﬁécﬂoléoamithrc?&dmbmhtamafremta poinbhetwetn the two
romthe

g@g‘g{] ¥'|‘38E°’ b&?‘e\/\ﬁﬁn@f alg{[glwgmoﬂqcylt agﬂc\w I’ﬁlgsuppllea %' another

tpat bl’f”tﬁé FeydbutK op ed d/r-aWasgBe outpuindti té feedBack loop; and using a

ure shows a..circui of, ,an ex I Sti "
bRb CyEedFeansatin it 65 SENEHS g Thc eBitpensating up
Sl néncmjﬁrli@ié @Brond current Ebrgperesalng bioswst far mnvulinag Noptrl into a
result for the curr nt m smat ch of the charge punp
ePpeRsAting “ﬁhrclé"in Fi gure 3 shows anot her

exi sting charge punp circuit for reducing current

m ; i hows a circuit diagram of
E@%b&g%%‘% pgﬁ#b&'ﬁﬁg'a replica charge punp; and
Figure 5 shows up and down current supply circuits

conne grrgadg engsh &t fng%\%%tlgnj il I&% thjflalr un%%rsl:dggi r;éggily apparent

Fi gur Simulation res
thangef pummxargzlskdlumtthe art from the following written descnption, by way of

example only, and in conjunction with the drawings, in which:



5 DETAI LED DESCRI PTI ON Referring to figure
4, a charge punp circuit for reducing current

m smatch is disclosed. The charge punp conprises
three portions, nanely a current source portion 5
400, a core charge punp portion 402 and the replica
charge punp portion 404. The current source
portion 400 conprises an original current source

| _bias and three transjstors

t r ansFigHS 5shawsrFirqul diagiam Qﬁén ‘F’f'ﬁ%ﬁq@r rﬂ“ﬂ?%‘é{m”'t for

SAHh BERELTPYS &R o asirdn® nildnvatciposi tive and. negati ve
output currents. In 10 particular, the original

current | _bias connects to the source of 03 and drain .

of Olfjg Thes dhavs Diiniatiendegat £ 8 cOderandisRtdr 6 the charge
j oi ned to%ether The sources of 01 and 02 are

E@ﬂhé@@@d’f&uﬁ?bund The gate of 03 is connected to

its drain and further to the drain of 02. The source

of 03 as well as the orlglnal current sour g§ I @ as ¢
are cbaHEcBehows 2G| ’ﬁ?’@gs‘ﬁ‘ﬁ‘ﬁﬂeypwpt%'@%‘ \Plggpdugise curren

hienged:e charge punp circuit 402 is connected to the
mrrored current sources for receiving up and down .
currents. At the up current side of M, the source of :
ML i sFgoRNgCdRdst # cirb@it SRgFHe obfa %r@@@utdpecngaﬁte\mtmfa repllca
ML and 03 are jointly connected to the drain of 02.

ghargpBudBV#Ccur rent si de, the source of M2 20

connects the sources of 01 and 02 to ground. The

gates are connected.to

ori gi ﬁ'ﬁf‘recl\%??% Vg 8[]86’8WP GHTEat PP @(:(ilrlcu'gs gﬁﬁ \%%té(?} tc% ﬁge charge

pmpRiclMFigtins ment carrying transistors M. and M2, .

there are two parallel braches conprising four

trans-gate switches, nanely S1 , 32, S3 and 25 54. 51

and 3Rigae® shows thu}étl@‘omaﬁl’stoéttbe distivsseithivige audp MU0

forma current branch 406 and the charge punp out put

V ds (CP_out) is taken between the trans-gate

switches S1 and 32. Parallel to Si and S2, S3 and 64

are serially connected to forma dunmy branch 408

between ML and M2 where the voltage reference V ref

is
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t aken between the switches S3 and 34. The reference

voltage V. ref is also at the 30 output of an

Operational Amplifier (OPAMP) Op 1 and control

[ Mﬁgg and U for the trans-gate sw tches pcSkG2@e000261

né ) are taken from a Phase Frequency Detector

(PFD). 6 Bet ween the current branch 406 and

t he dunmy branch 408, a negative feedback | oop 410

(voltage follower) is forned by Opl between the

charge punp output 411 and the reference voltage

DETAMLED DERERIRPONa charge punp circuit 404 is used

for sensing the current rrisrratch of the core charge

punp 402, Wthin the replica char i n out .
a f cBasgig tp @gﬁreﬂza charge MR BII‘(BJgﬁerelr%[L;{ n%)ﬂ% c%réent nﬁgr%atch is
dfsdloEEedt THY GBRjePunipiompeisesthrea gertisisg nathely ¥ cutrent sourod hertion

DR B e o5l e Pl PR nf AR S04,

VB and V4 have the same size as ML and M2 while S5
and g RaY&nt <86 (}:%%B?ho‘ﬁ 48 ésm e§ @n 3HiginkB curkdnt sBbrcaricbias

M4 are -connecte series. rent. _m.,smatch
e thive tGPBEon (bt @h SRk THRCQERE R Mg LS gpfrant Héin the
dn@mas bkt SolfbeanBiabRocgive pesitvenpmh seyatiyei wtplhtecurrents In
t ati.ol
eaplbi e, Buoiny) chivsal CBs rigeRbriné'sorbe b O3 8 gran of 1.
T craid oFEY1 aitigdtes ofR1aand R arajoisddogribem %S%CGS of Q1
a%ﬁtbf\é?éj cortréRi=8ied] g{rohﬁbﬁs Th@@étel% QB xé @ahnexitéd tti it drain and

e trans-gate sw t ches |nta
futhesio SEATANCHRE NGB SPYRET HEOORD BrP SUOpaRgTt source
|Chis€ Helcoffdct@Pidrapdsitive sbpplyedtage Ve dd rans-gate

- switches 85 and S6, a connection marked as point A 'S

coupled to a second 20 QOperational Anplifier Qp2
for mThhe:olmg:aanweptﬂrgpdygglk 4|03d5 cppnected to the -FHIél‘OI’Gd current

{?gﬁ:%?%#réceﬁmg“&;? 2Rl dod E@RntsCaAE Ry OB dartemt side aifiiM1, the
f or med aroundthe r I|f|

Sece, YD 15 SonperiEe oyt SaHEs GRS et of MIHEL Qo are

1&!hﬂV‘§odrﬁE@d&BQﬁe airm;h Iof e Afl'ihé\)dovmmtp@nt sidel the, squre of M2
B%c%ts E{_%Zm o'snctzf A tar 3 8I @%Eﬂi t’Ighé g'ﬁlek %Y%ﬁi 'Cﬁﬂand Q1 are

cfonnmtemtegemeptmthqmagroﬂ ogﬂ@ﬂ*tS@UftCﬁé_h'Mﬁcmg |nput 414
via aresistor R On the other hand, the reference

10, e the upanc tiin Sitentcanng WNeloBYE M1 4t kPtbre are

two parallel braches comprising four trans-gate swiiches, namely S1, S2, 83 and
S4. S1 and S2 are serially connected between M1 and M2 to form a current branch
406 and the charge pump output V_ds (CP_out) is taken between the trans-gate
switches S1 and S2. Parallel to 81 and S2, S3 and §4 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, 82, 83 and S4) are taken from a Phase Frequency
Detector (PFD).
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- Clrcul

For the "external” connections of the replica charge
punp circuit 404, the 30 source and gate of M3 are
connected to the source and gate of ML respectively.

woid@hlsy, the source and gate of M are cormgmaobetosns1
the source and gate of M2 respectively. WO

2008/030182PCT/SG2006/000261 Duri ng operation, the
current msnmatch of the original charge punp output V
ds (at CP_out) is mrrored to point A by the replica
charge punp circuit 404 and supplied to the second

Oper Btiweeal thé\molreht brangp 206 mﬂctgeu%-mf@\e@rwhﬁ% | f'egaﬂve

br@ Irpis! t
it o gt s 0w ity g o
outpyt 4t ke referanrg NelRgeRailt he "down” current, V

ctil becones |ower than V_ref. Thus, the msrmtch in

t he "“up" d

e R R B M o8 B B IO ANEH R
oflithé eomntharbe giuntui408. aWehsthe teglicsorasae RUTEP 11 GUF 04, 3
bR meﬂ‘-ﬁﬁq IJ38q Ctag cg% HbaRAsst cukR@it GhibhaicRttoal voltage

s are descri owwth reference to

siangliVestris(a) and (b).

The replica charge pump circuit 404 has two transistors (M3 and M4) and two
frans-gate switches (S5 and S6). M3 and M4 have the same size as M1 and M2
while S5 and S6 have the same size as S1 to 84. M3, S5, S6 and M4 are
connected in series. The current mismatch due to the size mismatch and the drain
voltages of transistors M1 and M2 can be compensated in the implementation

shown in Figure 4. It will be appreciated by a person skilled in the art that for M1 and
M3, and for M2 and M4, a good match can be achieved, typically less than 1% in
real circuits. The trans-gate switches S5 and S6 are maintained at an on state
continuously during the charge pump's circuit 401 operation. Between the trans-
gate switches S5 and S6, a connection marked as point A is coupled to a second

Operational Amplifier Op2 to form the negative feedback loop 412.

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 particutar, the input from point A is
linked to the inverting input 414 and a control voitage V_ctrl is fed back from the
output 418 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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10 The di scl osed charge [ [ [
di punp circuit of Figur
4 has four additional current input connecting, oHre

| abeled as 1 1, 1 2, 1 3 and 14 11 and 1 3 are for

,nggﬁpyd 189 con‘pensatl on "up" current while 1p21/86zho006261

recei VI ng conpensation "down" current
conpensating "up" current supply ci rcwt IS shO\-/I;IA:ei n
Figure 5(a) and 15 the con;?ensau ng 'down" current
supply is illustrated by Figure 5(b). Referring to

Fi gure 5(a), the conpensating "up" current source

i s Degng apedtitry the cafrentrrisvaion qf the Rriginpk shaigs, pume Bliput

v _#Iée( Fcﬁr elg\érﬁf}?:téeﬁflﬂ%'oﬁﬁ Ay t(\@é’fe;ihea Qﬁargedauhﬁ tiguiAp4 and
s@@lj_edatﬁdhwcggd @W:oé?l?{rﬁﬁﬁg @Pg dtvhlch 2 EP%%‘"["[R e ifltﬁ@ Rup®
an'éﬁt SIPRIR is BfeStheh #haTdoannantest, Ngom:ego:@pg,h;ghah@a@y gef If
thg5u;gnrc€$rg|§ glgﬁ%%&?ggés"dgwﬂ" QurrehD & 3RUsSRMmeR o tRaTV_ref.

G her to ground via a curr

 TIHReY Wm&faﬁtchﬁmethsd‘up ‘coyl Glownd Caﬁﬁ‘?f‘tﬁsi efpeive n?Pé'cY?'ieéj e a

SO conn
theo/_tctrbm@awa@ﬂswgawegﬁr oS E'Q%B'E%/‘eﬁ‘gg'té"%%‘%oﬁjﬁ'°%g‘°”be°'
b&laW it fref@@ncd @ Fillret 6(dYnd &)l sources are connect ed

to the sources of 06 and 07 and all gates are

connected to the drain of 05. The gate o

conrrﬁcet didciosedt tiearge abmpagircgis of Tiare &phast}ﬂ“f 9%8 Wil C%fre"t
mQthc %c la%aﬁedlaél ar ¢ 2 akeand 1.0Mm 1 Heasd dithareofor mewmg

especti vel )“
compensat:on ‘up” current while |_2 and |_4 are for receiving compensatmn “down”

d.ﬁ?r%%?él tb¥sge 015k d{a@% c?fed&hdltgﬁﬁl Gaérentiapkir@isaard uSEd & eonvert

current. The compensating “up” current supply circuit is shown in Figure 5(a) and
the compensating “down” current supply is illustrated by Figure 5(b).

Referring to Figure 5(a), the compénsating “up” current source 500 is
regulated by V_ref and V_ctrl. In particular, there are seven transistors (Q4 to Q7
and M5 to M7) forming the current source. Q4 to Q7 form source loop 501 and MS
to M7 are connected in parallel. Within the loop, Q6's drain connects to Q4's drain
and Q7’s drain connects to Q5’s drain. The sources of @4 and Q5 are connected
together to ground via a current source 502. The sources of Q6 and Q7 are
connected fo a positive voltage V_ dd. The gates of Q6 and Q7 are also connected
to the drain of Q4. V_refis 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 1_1 and |_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_cirl. In partictiar, there are seven fransistors (Q8 to Q11 and M8 to
M10) forming the current source 511. Q8 to Q11 form a loop source 510 and M8 to
MA10 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



10

15

20

25

30Referring to Figure 5(b), the conpensating "down"
current is also regulated by Vref and V ctrl. In
particular, there are seven transistors (@ to QL1

Lp I\/[lO) form ng the current source 5g&T/SGBG/E0261
w@?@i wlm a |l oop source 510 and MB to MLO are

connected in parallel. Wthin the | oop 510, 010's

drain connects to 08's draign and G l's drain connects

to @@'s drain. The sources of 08 and 09 are WO

2008/ 030182PCUSG2006/ 000261 8 connect ed tosgrgl%nd. it
cohhectad i gesindf DEOsauNeesOaflQAR @nd (ieeetPIgrigd 1o & postive

dg}ggw E{f M &ﬂ’%%t&/ L §iHe BB The Wateenif GRoaN Q95 coffifested to

are. copnnected
e o e e BRSEAE T S 8 B A1 ve
g#P Rk cAd. Far Meogald; td sdlirtes &FercohBedies! e spﬁ@es of Q8 and

Qgt%ltjé?ogrﬁq] gﬁcgﬁlggzgcgg Sl &)ntngcteg?o eSS &:j Qb. Qﬁe Qﬂfé &t M¥is also

es are connecte
cocEie: getisr 05, T ssmeC et R P Lt

are tak%m ﬁ'oﬁ‘r% ed?énﬁ& 'dmns %ﬁwg %Hpéemaryo Wt it bel Bppradiatedghat
aken fromth rain &spectively.

VB
S¢btl'0% 502 g5d 543 gPay P%Fé@rf?a anb%ﬁrcé'g?m'ﬁwF and 512 may
be My CHb@G’e—ﬁk@lmsém echaige eumys oaincuis  provide currenih@ismatch

fem:lg%%t dhn ed Ch@&g%&%%g%e%gggﬁﬁﬁm“?ﬁﬁ%d@‘d%f@“ﬁ and

conpensat e
“ddoa” cmermtt!osar@maswdén‘d.ﬁfbra@@e up" and "down"

currents closer over a wider V ds range.

simulation result of the di osed ch _ i fi
o 1 obisimgiop e gep PROPILTE S I Clsel (Y papented in fgure
sanﬂwefwmcépaiualanamﬁzaiﬂmmdemaﬂws meisoAtch murrenitvalue in pA

i | 3
'a\ﬁgéef@ﬁwpelgﬁege FL{th %’gﬂegﬁ&qwﬁlg th"r"ﬂw% Qfﬁbr‘ﬂ%éﬁ!& urrent |_up

current
(&m 8@0) 380 Howin auxar@vm_ctqyrrr (ehrve |Gﬂa)o%rﬁ PlttgH e egﬁyvutﬁ,ﬂée curve

6@4 A L6 Park QREMD W'Helbr'iabl‘? sﬁéWé/ Babé difrent mismatch is less than
rent_nrsnma ra ov\s t.hat
ahplstrﬁ@dﬁeﬂsihq’ é%f@*’e(‘ﬁ%ﬁ"%&?p\? rebYRRE O f'h%%rlg &r e%oggﬁout 15V,
i ¥OblodERg V&fef KeGE @8 nfdre thambanout OV.2AISe shewo it Figuns\ are the
ovll V rue t e"_
Cﬂr@s"%rawﬁ S R T Rt e
and "down" currents in curves 606 and 608

[es f’l‘ﬁcrko,fi; el ;%f)ﬁréc{até@ b)L aDRraPEGIRY ah @itk by thatpemsmous variations

andior m@@pat@n% mﬁ)}aeo@aﬁ% 6c2 H}ngér?z%eét \é?ént%{‘l R$hoAR%h e specific

sent” 1 nvention as
SHOWMeni \I\uﬁh%uﬁ pesarfirigc fremtthelispisih b sedpehd uhe daigakan AY broadly

f rggrggtggﬁ] ﬁ.ﬁ BoFGORE aRY, ¢ nieh’rgorbnt\‘)q{ét doRBidérad i anfbspects to

present e ments are, therefore,
Healldseram:erasddarrajnmtweall respects to



be illustrative and not restrictive 9

charge punp circuit conprising: a core c%ﬂgg/spﬁ.ng

circuit; a replica charge punp circuit for sensing a

current msmatch in the c@e charge punp circuit and

for converting the sensed current msmatch into a |
cLAIMst age signal V_ctri; wherein V-ctrl is utilised for

conpensating the curre ' .ch in the co h
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el emrents, and a voltage follower ci [
_ Nt s, circuit
voltagsngigealdL oMbt ween a V ref input point and a CP_out

POl Herhif tVRENIS DBlised foe leoripemeating 8¢ cureenti MipMaEfy in the
second branches respectively; the replica charge punp
core¢harge PUMRHGHEs a second n-type transistor and a

the core charge pu'm'p circuit includes a first n-type transistor and a first p-
type transistor, paraliel ﬁr_st' and second branches between respective drains of
the first n-type and the first p-type transistor, each branch including two switch
elements, and a voltage follower circuit connected between a V_ref input pdint
and a CP_out poiht between the switch elements on the first and second
branches respectively; - _ '

~ the replica charge pump circuit inciudes a second n-type transistor and a
second n-type transistor, two switch elements of the same type as the switch
elements of the core charge pump circuit connected in series between the drains
of the second n-type and the second ‘p-type transistor; 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 ioop and .
V-ctrl as the output of the_féedback loop; and |

further compn’sing a first current compensating circuit for éonverting V_ctri
info a compensating "up” current, éind a second current compensating circuit for

converting V_ctri into a compensating "down” current.

2. The charge pump circuit as claimed in claim 1, wherein the
compensatihg "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.

3. The charge pump circuit as claimed in claim 1, wherein the first
and second compensating circuits comprise respective differential circuits for
converiing a voliage difference between V_ref and V_cirl into the compensating

"up" and "down" currents respectively.

4. The charge pump circuit as claimed in ciaim 1, wherein the switch

elements comprise trans-gate switches.



second n-type transistor, two swtch elenments of the
sanme type as the switch el ements of the core charge
punp circuit connected in series between the drains
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transi stor; and a feedba& | oop with one input -taken
froma point between the two switch elenents of the
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varialibreorV_refit o a conpensatlng "up" current, and a second

current conpensating circuit for converting V_ctrl
into a conpensating "down" current. 2. The
charge punp circuit as clainmed in claiml1l, wherein

~the conpensating "up” current is supplied to the
drains of the first and second n-type transistors,
and the conpensating "down" current is supplied to
the drains of the first and second p-type
transi stors. 3. The charge punp circuit as
clainmed in claim1, wherein the first and second
conpensating circuits conprise respective
differential circuits for converting a voltage
di fference between V ref and V_ctrl into the
conpensati-ng "up" and "down"™ currents respectively.
4. The charge punp circuit as clainmed in claim.l,
wherein the switch el enments conprise trans-gate
switches. 10 5.The charge punp circuit-as clainmed in
claim1, wherein current mismatch is substantially
conpensated over a range of nore than about 1V in
vari-ation of V- ref.




