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(57) ABSTRACT

An mtegrated circuit includes a first current source. A second
current source 1s electrically coupled with the first current

source via a conductive line. A switch circuit 1s coupled
between the first current source and the second current
source. A first circuit 1s coupled between a first node and a
second node. The first node 1s disposed between the first
current source and the switch circuit. The second node 1is
coupled with the first current source. The first circuit 1s con-
figured for substantially equalizing voltages on the first node
and the second node. A second circuit 1s coupled between a
third node and a fourth node. The third node 1s disposed
between the second current source and the switch circuit. The
fourth node 1s disposed coupled with the second current
source. The second circuit 1s configured for substantially
equalizing voltages on the third node and the fourth node.

18 Claims, 4 Drawing Sheets
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INTEGRATED CIRCUITS INCLUDING A
CHARGE PUMP CIRCUIT AND OPERATING
METHODS THEREOF

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

RELATED APPLICATIONS

The present application is a reissue of U.S. patent appli-
cation Ser. No. 12/706,886, filed Feb. 17, 2010, now U.S. Pat.

No. 8,183,913, issued May 22, 2012, the content of which is

hereby incovporated by veference hevein in its entirvety.

FIELD OF THE DISCLOSUR.

L1l

The present disclosure relates generally to the field of
semiconductor circuits, and more particularly, to integrated

circuits including a charge pump circuit and operating meth-
ods thereof.

BACKGROUND OF THE DISCLOSURE

Phase-locked loops (PLLs) are widely used in electronic
designs such as radios, television receivers, video appara-
tuses, satellite broadcasts, and instrumentation systems.
PLLs are electronic circuits with a voltage-controlled oscil-
lator (VCO) or a current-controlled oscillator (CCO) that 1s
constantly driven to match the frequency of an input signal.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure 1s best understood from the follow-
ing detailed description when read with the accompanying
figures. It 1s emphasized that, in accordance with the standard
practice 1n the industry, various features are not drawn to scale
and are used for 1llustration purposes only. In fact, the num-
bers and dimensions of the various features may be arbitrarily
increased or reduced for clarnty of discussion.

FIG. 1 1s a schematic drawing illustrating an exemplary
integrated circuit including a charge pump circuit.

FIG. 2 1s a schematic drawing 1llustrating another exem-
plary integrated circuit including an exemplary charge pump
circuit.

FIG. 3 1s a schematic drawing illustrating an exemplary
controller coupled with an exemplary adjustable resistance
circuit R..

FIG. 4 1s a schematic drawing 1llustrating a system includ-
ing an exemplary integrated circuit disposed over a substrate

board.

DETAILED DESCRIPTION OF TH
DISCLOSURE

(L]

A PLL circuit includes a charge pump circuit. The charge
pump circuit 1s disposed between a phase frequency detector
(PFD) and a voltage-controlled oscillator (VCO). The charge
pump circuit receives signals from the PFD to charge or
discharge a capacitor that 1s disposed on a node between the
charge pump circuit and the VCO. A current supplied to
charge the capacitor 1s referred to as an up current. Another
current supplied to discharge the capacitor is referred to a
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down current. By adjusting the up current and the down
current, the operation of the PLL circuit can be locked.

The applicants found that the voltage on the output end of
the charge pump circuit may shift up and down. The variation
of the output voltage may result from channel-length modu-
lation of the transistors. The applicants also found that the
process of forming the transistors may cause transistor mis-
match. Due to the transistor mismatch and/or the channel-
length modulation, when the operation of the PLL circuit 1s
locked, the up current 1s different from the down current. The
difference between the up and down currents can result 1n
reference spur, static phase error, and/or jitter at an output end
of the PLL circuit.

Based on the foregoing, integrated circuits including a
charge pump circuit and operating methods thereof are
desired.

It 1s understood that the following disclosure provides
many different embodiments, or examples, for implementing
different features of the disclosure. Specific examples of
components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. In addition, the
present disclosure may repeat reference numerals and/or let-
ters 1n the various examples. This repetition 1s for the purpose
of simplicity and clarity and does not in itself dictate a rela-
tionship between the various embodiments and/or configura-
tions discussed. Moreover, the formation of a feature on,
connected to, and/or coupled to another feature 1n the present
disclosure that follows may include embodiments in which
the features are formed 1n direct contact, and may also include
embodiments 1n which additional features may be formed
interposing the features, such that the features may not be 1n
direct contact. In addition, spatially relative terms, for
example, “lower,” “upper,” “horizontal,” “vertical,” “above,”
“below,” “up,” “down,” “top,” “bottom,” etc. as well as deriva-
tives thereol (e.g., “horizontally,” “downwardly,”
“upwardly,” etc.) are used for ease of the present disclosure of
one features relationship to another feature. The spatially
relative terms are intended to cover different orientations of
the device including the features.

Embodiments of the present disclosure are directed to inte-
grated circuits including a charge pump circuit and methods
of operating the integrated circuit. By substantially equaliz-
ing the up current and the down current of the charge pump
circuit, reference spur, static phase error, and/or jitter at an
output end of the PLL circuit can be desirably reduced. Fol-
lowing are descriptions of exemplary embodiments regarding
the integrated circuit and operating methods thereof. The
scope of the present application 1s not limited thereto.

FIG. 1 1s a schematic drawing illustrating an exemplary
integrated circuit including a charge pump circuit. In FIG. 1,
an mntegrated circuit 100 can include a charge pump circuit
101. The integrated circuit 100 can be an analog phase-locked
system, e.g., a phase-locked loop (PLL), a delay-locked loop
(DLL), aclock and data recovery (CDR) circuit, or the like. In
some embodiments, the charge pump circuit 101 can be dis-
posed between a phase frequency detector (PFD) (not shown)
and a voltage-controlled oscillator (VCO) (not shown). At
least one capacitor can be coupled with a node that 1s disposed
between the charge pump circuit 101 and the VCO. A current
can flow from the charge pump circuit 101 to the capacitor to
charge the capacitor or flow to the charge pump circuit 101
from the capacitor to discharge the capacitor.

In some embodiments, the charge pump circuit 101 can
include current sources 110 and 120. A switch circuit 130 can
be electrically coupled between the current sources 110 and
120. The current sources 110 and 120 can be electrically
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coupled with each other via a conductive line 135. A circuit
140 can be disposed between nodes N, and N,. A circuit 150
can be disposed between nodes N, and N,. The node N, can
be disposed between the current source 110 and the switch
circuit 130. The node N, can be disposed between the current
source 120 and the switch circuit 130. The nodes N, and N,
can be coupled with the current source 110 and 120, respec-
tively. The circuit 140 can be configured for substantially
equalizing voltages on the nodes N, and N,. The circuit 150
can be configured for substantially equalizing voltages on the
nodes N, and N,,.

Referring to FI1G. 1, 1f the phase-locked system 1s locked,
currents I, and I, can flow on the nodes N; and N, respec-
tively. Since the currents I, and I, are flowing on the same
conductive line 135, the current I, flowing on the node N, can
be substantially equal to the current I, flowing on the node N,,.
By substantially equalizing the voltages on the nodes N, and
N3, the current I, flowing on the node N, can be substantially
equal to a current 1,5, flowing on the node N,. In some
embodiments, the current I, ;- can be referred to as a down
current. By substantially equalizing the voltages on the nodes
N, and N, the current I, flowing on the node N, can be
substantially equal to a current I, ,, tlowing on the node N,,. In
some embodiments, the current I, , can be reterred to as an up
current. The current 1, can be substantially equal to the
current I,,». By substantially equalizing the currents I,,» and
1o relerence spur, static phase error, and/or jitter at an
output end of the integrated circuit 100 can be desirably
reduced.

FIG. 2 1s a schematic drawing 1llustrating another exem-
plary integrated circuit including an exemplary charge pump
circuit. Items of FIG. 2 that are the same 1tems i FIG. 1 are
indicated by the same reference numerals, increased by 100.
In FI1G. 2, a current source 210 can include transistors M, and
M, . In some embodiments, the transistors M, and M,, can be
NMOS transistors. Gates of the transistors M, and M, can be
coupled with each other. Drains of the transistors M; and M,
can be coupled with the nodes N, and N;, respectively.
Sources of the transistors M, and M, can be coupled to a
power source, e.g., power source V .. or ground.

Referring again to FIG. 2, a current source 220 can include
transistors M, and M,. In some embodiments, the transistors
M, and M, can be PMOS transistors. Gates of the transistors
M, and M, can be coupled with each other. Drains of the
transistors M, and M, can be coupled with the nodes N, and
N, respectively. Sources of the transistors M, and M, can be
coupled to a power source, e.g., power source V . It 1s noted
that the disposition, number, and/or type of transistors 1n the
current sources 210 and 220 are merely exemplary. One
skilled 1n the art can modily them to achieve desired current
sources.

Referring again to FI1G. 2, a switch circuit 230 can include
pass gates (not labeled). In some embodiments, two pass
gates can be coupled 1n series. The series pass gates can be
coupled with another series pass gates 1n parallel. Each of the
pass gates can receive at least one control signal, e.g., signals
UP/UPB or DN/DNB, to turn on or off transistors of the pass
gates so as to charge or discharge a capacitor (not shown)
coupled with an output end VOP of the switch circuit 230. The
switch circuit 230 can include an amplifier (not labeled). The
amplifier can be disposed between the two series pass gates.
It 1s noted that the disposition, number, and/or type of tran-
sistors of the switch circuit 230 are merely exemplary. One
skilled 1n the art can modity them to achieve a desired switch
circuit.

Referring to FI1G. 2, a circuit 240 can be disposed between
the nodes N, and N;. In some embodiments, the circuit 240
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can include an amplifier A, and a transistor M., such as an
NMOS transistor. The amplifier A, can have a gain of about
60 dB or more. Input ends of the amplifier A, can be coupled
between the nodes N, and N;. An output end of the amplifier
A, can be coupled with a gate of the transistor M. A source
of the transistor M. can be coupled with the node N,.

As noted, the circuit 240 1s configured for substantially
equalizing the voltages on the nodes N, and N;. For example,
the amplifier A, can detect the voltages on the nodes N, and
N;. If the voltage on the node N, 1s higher than that of the node
N, the amplifier A, can output a signal to the transistor M.
The signal can control the transistor M. for pulling up the
voltage on the node N, such that the voltage on the node N; 1s
substantially equal to the voltage on the node N,. If the
voltage on the node N, 1s lower than that of the node N, the
amplifier A, can output a signal to the transistor M.. The
signal can control the transistor M; for pulling down the
voltage on the node N, such that the voltage on the node N 1s
substantially equal to the voltage on the node N,.

As noted, the currents 1,5, and I, flowing on the nodes
N, and N,, respectively, are substantially equal to currents
flowing through the transistors M, and M., respectively. The
currents I, ,,;,and I, are related to the voltage drops V ,,_ of
the transistors M, and M., respectively. As noted, the sources
of the transistors M, and M, are coupled to the same voltage
source, e.g., V . or ground. Since the circuit 240 substantially
equalizes the voltages on the nodes N, and N, 1.e., the drains
of the transistors M, and M, respectively. The voltage drop
V.. of the transistors M, can be substantially equal to that of
the transistor M,. The current 1,,,,., can be substantially
equal to the current I,.

Referring to FIG. 2, the circuit 250 can be disposed
between the nodes N, and N,. In some embodiments, the
circuit 250 can include an amplifier A, and a transistor M.,
e.g., a PMOS transistor. The amplifier A, can have a gain of
about 60 dB or more. Input ends of the amplifier A, can be
coupled between the nodes N, and N,. An output end of the
amplifier A, can be coupled with a gate of the transistor M.
A source of the transistor M can be coupled with thenode N,,.

As noted, the circuit 250 1s configured for substantially
equalizing the voltages on the nodes N, and N,,. For example,
the amplifier A, can detect the voltages on the nodes N, and
N,. If the voltage on the node N, 1s higher than that of the node
N, the amplifier A, can output a signal to the transistor M.
The signal can control the transistor M to pull up the voltage
on the node N, such that the voltage on the node N, 1s sub-
stantially equal to the voltage on the node N, . If the voltage on
the node N, 1s lower than that of the node N, the amplifier A,
can output a signal to the transistor M. The signal can control
the transistor M. to pull down the voltage on the node N, such
that the voltage on the node N, 1s substantially equal to the
voltage on the node N.,.

As noted, the currents I,,» and I, tflowing on the nodes N,
and N, respectively, are substantially equal to currents tlow-
ing through the transistors M, and M., respectively. The cur-
rents I,,, and I, are related to the voltage drops V,_ of the
transistors M, and M, respectively. As noted, the sources of
the transistors M, and M, are coupled to the same voltage
source, €.2., V . Since the circuit 240 substantially equal-
1zes the voltages on the nodes N, and N, 1.e., the drains of the
transistors M, and M, respectively. The voltage drop V. of
the transistors M, can be substantially equal to that of the
transistor M. The current I, ,, can be substantially equal to the
current I,. Since the current I, 1s substantially equal to the
current 1,, the current I,,, can be substantially equal to the
current I 5,5, 100. In some embodiments, even 11 the voltage
on the output end VOP of the charge pump circuit 201 may
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shift up or down, the current I,,- can be substantially equal to
the current 1,,,,.. By substantially equalizing the currents
I,» and 1,,,~, the reference spur, the static phase error,
and/or jitter can be desirably reduced when the phase-locked
system 15 locked. It 1s noted that the disposition, number,
and/or type ol the amplifiers and transistors of the circuits 240
and 250 are merely exemplary. One skilled 1n the art can
modity them to achieve desired circuits.

As noted, the current I, can be substantially equal to the
current 1,55~ It1s found that the currents I, - and 1 5 55, may
be different from a predetermined current that 1s predeter-
mined to charge or discharge the capacitor (not shown)
coupled with the output end VOP of the charge pump circuit
201. The mismatch of the predetermined current and the
currents I,,» and I, may resulting from the dimensions,
¢.g., length, of the transistors of the charge pump circuit 200.
For example, the predetermined current 1s about 100 pA and
the currents I,,», and 1,5, can be about 80 uA. In some
embodiments, adjusting the currents I,,» and 15,5, 10 be
substantially equal to the predetermined current 1s desired.

Referring again to FIG. 2, the charge pump circuit 201 can
include a current source 235. The current source 235 can be
coupled between a power source, e.g., the power source V .
and a resistor R,, which 1s coupled with another power
source, €.g., the power source V ... The current source 235 can
be coupled with an 1nput end of the comparator 260.

In some embodiments, the current source 220 can include
a transistor M,. The transistor M, can be, for example, a
PMOS transistor. A source of the transistor M, can be coupled
with a voltage source, e.g., the voltage sourceV,,,,. A drain of
the transistor M, can be coupled with a resistor R, which 1s
coupled with another power source, e.g., the power source
V... A gate of the transistor M, can be coupled with the gates
of the transistors M, and M. By applying the same voltage to
gates of the transistors M,,, M, and M, the current I, flowing
through the transistor M, can be mirrored to the transistors
M, and M-, such that the current I, 1s substantially equal to
a charge pump current I, tlows through the transistor M.

Referring to FIG. 2, the transistor M, and the current
source 255 can be coupled with the mput ends of the com-
parator 260. The charge pump circuit 201 can include a con-
troller 270 coupled with an output end of the comparator 260.
The controller 270 can be coupled with an adjustable resis-
tance circuit R ¢ disposed on a conductive line 235. In some
embodiments, the adjustable resistance circuit R can be dis-
posed between the circuits 240 and 250. By adjusting the
resistance of the adjustable resistance circuit R, the charge
pump current I, can be adjusted to be substantially equal
to a predetermined current I that 1s provided from the cur-
rent source 235.

As noted, the current source 235 1s configured to provide
the predetermined current I... The comparator 260 can
receive and compare the predetermined current 1. and the
charge pump current [, so as to output an output signal to
a controller 270. Corresponding to the output signal from the
comparator 260, the controller 270 1s configured to adjust the
resistance of the adjustable resistance circuit R..

For example, 1t the predetermined current 1. 1s larger than
the charge pump current I, , the controller 270 can adjust
the resistance of the adjustable resistance circuit R . to a lower
resistance so as to increase the current I, flowing through the
transistor M,. Since the current I, 1s increased, the charge
pump current [, can be increased to a level that 1s substan-
tially equal to the predetermined current I...

If the predetermined current 1. 1s smaller than the charge
pump current I the controller 270 can adjust the resis-

pump?
tance of the adjustable resistance circuit R . to a higher resis-
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tance so as to reduce the current I, flowing through the tran-
sistor M. Since the current I, 1s decreased, the charge pump
current I, . can be decreased to a level that 1s substantially
equal to the predetermined current I ... By adjusting the resis-
tance of the adjustable resistance circuit R ., the charge pump
currentl . can be substantially equal to the predetermined
current [ ...

FIG. 3 1s a schematic drawing illustrating an exemplary
controller coupled with an exemplary adjustable resistance
circuit R.. In FIG. 3, the controller 270 can include a counter
310. The adjustable resistance circuit R ¢ can include a series
of resistors r,-r, and a series of switches s,;-s, . Each of the
switches s, -s, 1s disposed in parallel with a corresponding one
of the resistors r,-r, . The counter 310 1s configured to turn on
or oif at least one of the switches s, -s, to adjust the resistance
of the adjustable resistance circuit R.. It 1s noted that the
adjustable resistance circuit R described above 1n conjunc-
tion with FIG. 3 1s merely exemplary. One skilled 1n the art
can use any adjustable resistance circuit to adjust the resis-
tance between circuits 240 and 250.

FIG. 4 1s a schematic drawing 1llustrating a system 1nclud-
ing an exemplary integrated circuit disposed over a substrate
board. In FIG. 4, a system 400 can include an integrated
circuit 402 disposed over a substrate board 401. The substrate
board 401 can include a printed circuit board (PCB), a printed
wiring board and/or other carrier that 1s capable of carrying an
integrated circuit. The integrated circuit 402 can include a
charge pump circuit that 1s similar to the charge pump circuit
101 or 201 described above 1n conjunction with FIGS. 1 and
2, respectively. The integrated circuit 402 can be electrically
coupled with the substrate board 401. In embodiments, the
integrated circuit 402 can be electrically coupled with the
substrate board 401 through bumps 4035. In other embodi-
ments, the mtegrated circuit 402 can be electrically coupled
with the substrate board 401 through wire bonding. The sys-
tem 400 can be part of an electronic system such as comput-
ers, wireless communication devices, computer-related
peripherals, entertainment devices, or the like.

In embodiments, the system 400 including the integrated
circuit 402 can provides an entire system 1n one IC, so-called
system on a chip (SOC) or system on imtegrated circuit
(SOIC) devices. These SOC devices may provide, for
example, all of the circuitry needed to implement a radio
system, a television, a video apparatus, a satellite broadcast
system, an instrumentation system, a cell phone, personal
data assistant (PDA), digital VCR, digital camcorder, digital
camera, MP3 player, or the like 1n a single integrated circuait.

From the foregoing, in a first embodiment, an integrated
circuit includes a first current source. A second current source
1s electrically coupled with the first current source via a con-
ductive line. A switch circuit 1s coupled between the first
current source and the second current source. A first circuit 1s
coupled between a first node and a second node. The first node
1s disposed between the first current source and the switch
circuit. The second node 1s coupled with the first current
source. The first circuit 1s configured for substantially equal-
1zing voltages on the first node and the second node. A second
circuit 1s coupled between a third node and a fourth node. The
third node 1s disposed between the second current source and
the switch circuit. The fourth node 1s coupled with the second
current source. The second circuit 1s configured for substan-
tially equalizing voltages on the third node and the fourth
node.

In a second embodiment, an integrated circuit includes a
first current source and a second current source. A switch
circuit 1s coupled between the first current source and the

second current source. A first node 1s disposed between the
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first current source and the switch circuit. A second node 1s
disposed between the second current source and the switch
circuit. A first transistor 1s coupled with the first current. A
third node 1s disposed between the first transistor and the first
current source. A first amplifier 1s coupled between the first
node and the third node. A second transistor 1s coupled with
the second current source. A fourth node 1s between the
second transistor and the second current source. A second
amplifier 1s coupled between the second node and the fourth
node.

In a third embodiment, a method of operating a charge
pump circuit of a phase-locked system i1s provided. The
method includes substantially equalizing voltages on a first
node and a second node. The first node 1s disposed between a
first current source and a switch circuit of the charge pump
circuit. The second node 1s coupled with the first current
source. The method further includes substantially equalizing
voltages on a third node and a fourth node. The third node 1s
disposed between the switch circuit and a second current
source of the charge pump circuit. The fourth node 1s coupled
with the second current source of the charge pump circuait.

The foregoing outlines features of several embodiments so
that those skilled 1n the art may better understand the aspects
of the present disclosure. Those skilled 1n the art should
appreciate that they may readily use the present disclosure as
a basis for designing or modifying other processes and struc-
tures for carrying out the same purposes and/or achieving the
same advantages of the embodiments introduced herein.
Those skilled 1n the art should also realize that such equiva-
lent constructions do not depart from the spirit and scope of
the present disclosure, and that they may make various
changes, substitutions, and alterations herein without depart-
ing from the spirit and scope of the present disclosure.

What 1s claimed 1s:

1. An integrated circuit comprising:

a first current source:

a second current source electrically coupled with the first
current source via a conductive line;

a switch circuit coupled between the first current source
and the second current source:;

a first circuit coupled between a first node and a second
node, the first node being disposed between the first
current source and the switch circuit, the second node
being coupled with the first current source, wherein the
first circuit 1s configured for substantially equalizing
voltages on the first node and the second node;

a second circuit coupled between a third node and a fourth
node, the third node being disposed between the second
current source and the switch circuit, the fourth node
being coupled with the second current source, wherein
the second circuit 1s configured for substantially equal-
1zing voltages on the third node and the fourth node;

a third current source;

a comparator coupled between the second current source
and the third current source;

a controller coupled with an output end of the comparator;
and

an adjustable resistance circuit coupled with the controller,
the adjustable resistance circuit being disposed between
the first circuit and the second circuit.

2. The integrated circuit of claim 1, wherein

the first current source includes a first transistor and a
second transistor;

the second current source includes a third transistor and a
fourth transistor;

the first circuit 1s disposed between drains of the first and
second transistors, wherein the first circuit 1s configured
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for substantially equalizing voltages on the drains of the
first and second transistors; and

the second circuit 1s disposed between drains of the third
and fourth transistors, wherein the second circuit 1s con-
figured for substantially equalizing voltages on the
drains of the third and fourth transistors.

3. The integrated circuit of claim 2, wherein the first circuit

comprises

a first amplifier coupled between the drains of the first and
second transistors; and

a fifth transistor having a gate coupled with an output end
of the first amplifier.

4. The integrated circuit of claim 3, wherein the second

circuit comprises:

a second amplifier coupled between the drains of the third
and fourth transistors; and

a sixth transistor having a gate coupled with an output end
of the second amplifier.

5. The integrated circuit of claim 4, wherein each of the first

and second amplifiers has a gain of about 60 dB or more.

6. The integrated circuit of claim 1, wherein the comparator
1s configured to compare a first current from the second cur-
rent source and a second current from the third current source
to output a signal for triggering the controller to adjust a
resistance of the adjustable resistance circuit.

7. The integrated circuit of claim 1, wherein the controller
includes a counter, the adjustable resistance circuit includes a
series of resistors and a series of switches, and each of the
switches 1s disposed 1n parallel with a corresponding one of
the resistors, wherein the counter 1s configured to turn on or
ofl at least one of the switches to adjust a resistance of the
adjustable resistance circuit.

8. An mtegrated circuit comprising;:

a first current source;

a second current source;

a switch circuit coupled between the first current source
and the second current source, wherein a first node 1s
between the first current source and the switch circuit,
and a second node 1s between the second current source
and the switch circuit;

a first transistor coupled with the first current source,
wherein a third node 1s disposed between the first tran-
sistor and the first current source;

a first amplifier coupled between the first node and the third
node;

a second transistor coupled with the second current source,
wherein a fourth node 1s disposed between the second
transistor and the second current source;

a second amplifier coupled between the second node and
the fourth node

a third current source;

a comparator coupled between the second current source
and the third current source;

a controller coupled with an output end of the comparator;
and

an adjustable resistance circuit coupled with the controller,
the adjustable resistance circuit being disposed between
the first transistor and the second transistor.

9. The integrated circuit of claim 8, wherein each of the first

and second amplifiers has a gain of about 60 dB or more.

10. The integrated circuit of claim 8, wherein the compara-
tor 1s configured to compare a {irst current from the second
current source and a second current from the third current
source to output a signal for triggering the controller to adjust
a resistance of the adjustable resistance circuit.

11. The integrated circuit of claim 10, wherein the control-
ler includes a counter, the adjustable resistance circuit
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includes a series of resistors and a series of switches, and each detecting the voltages on the third node and the fourth
of the switches 1s disposed 1n parallel with a corresponding node; and

one of the resistors, wherein the counter 1s configured to turn adjusting the voltage on the fourth node so as to substan-
on or oif at least one of the switches to adjust a resistance of tially equalize the voltages on the third node and the

the adjustable resistance circuit. 5 fourth node.
12. A method of operating a charge pump circuit of a
phase-locked system, the method comprising;
substantially equalizing voltages on a first node and a sec-
ond node, wherein the first node 1s disposed between a
first current source and a switch circuit of the charge .,
pump circuit, and the second node 1s coupled with the
first current source;
substantially equalizing voltages on a third node and a
fourth node, wherein the third node 1s disposed between
the switch circuit and a second current source of the 4
charge pump circuit, and the fourth node 1s coupled with
the second current source; and
adjusting a resistance ol an adjustable resistance circuit
disposed between the [first] secornd node and the [third}
Jourth node so as to adjust a charge pump current tlow-
ing through the first current source and the second cur-

16. The method of claim 15, wherein detecting the voltages
on the third node and the fourth node comprises detecting the
voltages on drains of a third transistor and a fourth transistor
ol the second current source.
17. The method of claim 12, wherein adjusting the resis-
tance of the adjustable resistance circuit comprises:
comparing the charge pump current with a predetermined
current so as to generate an output signal; and

responding to the output signal, adjusting the resistance of
the adjustable resistance circuit such that the charge
pump current 1s substantially equal to the predetermined
current.

18. A circuit comprising:

a first currvent source having a first node and a second node;

a second current sourvce having a third node and a fourth

t _ node;
1 3r%[1*1hes Tnu;flfod of claim 12, wherein substantially equal- a switch circuit coupled between the first node and the third
| j node;

1zing voltages on the first node and the second node com-
5 - a first cirvcuit coupled with the first node and the second

Prises: s ‘
detecting the voltages on the first node and the second node and configured to equalize voltages on the first
node: and node and the second node;

a second circuit coupled with the thivd node and the fourth
node and configured to equalize voltages on the third
node and the fourth node;

an adjustable resistance circuit coupled between the first
circuit and the second civcuit; and

a controller configured to adjust a curvent flowing through
the first currvent source and the second current source by
adjusting a resistance of the adjustable vesistance cir-
cult.

adjusting the voltage on the second node so as to substan-
tially equalize the voltages on the first node and the
second node. 10
14. The method of claim 13, wherein detecting the voltages
on the first node and the second node comprises detecting the
voltages on drains of a first transistor and a second transistor
of the first current source.
15. The method of claim 12, wherein substantially equal-
1zing voltages on the third node and the fourth node com-
Prises: I I
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