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(57) ABSTRACT 

A step-down circuit is provided that comprises a clock 
control circuit which provides a plurality of clock signals 
having a frequency determined based on a control Signal; a 
charge pump circuit which reduces a first potential applied 
to a first terminal and then provides a Second potential from 
a Second terminal by Switching the connection of a plurality 

(22) Filed: Nov. 21, 2003 of capacitors in Sync with a plurality of the clock signals 
output from the clock control circuit; and a comparator 

(30) Foreign Application Priority Data which produces the control Signal to be Supplied to the clock 
control circuit by comparing the Second potential to a 

Nov. 26, 2002 (JP)...................................... 2002-34-1618 reference potential. 

V1 

CK 
CLOCK CHARGE 

CONTROL CONTROL PUMP V2 
VREF SIGNAL CIRCUIT CIRCUIT 

  

  

  

SK hynix Ex. 1007, Page 1 of 10



Patent Application Publication Jul. 15, 2004 Sheet 1 of 5 US 2004/0136213 A1 

FIG.1 

V1 

CK 
CHARGE 
PUMP 

VREF CIRCUIT 

2 
22 23 

rSELECTION: OUTPUT: CIRCUIT : : CIRCUIT 
CK 

CONTROL 
SIGNAL C KA 

FREC -UENCY C KB 
DIVIDER 

CKC 

    

    

  

  

SK hynix Ex. 1007, Page 2 of 10



Patent Application Publication Jul. 15, 2004 Sheet 2 of 5 US 2004/0136213 A1 

FIG.3 

STABILIZED 
POWER SUPPLY 

CIRCUIT 

  

SK hynix Ex. 1007, Page 3 of 10



Patent Application Publication Jul. 15, 2004 Sheet 3 of 5 US 2004/0136213 A1 

FIG.5 

SK hynix Ex. 1007, Page 4 of 10



Patent Application Publication Jul. 15, 2004 Sheet 4 of 5 US 2004/0136213 A1 

FIG.6 (a) 

V 

2. 
C2 

Vss 

FIG.6(b) 

V1 

  

  

SK hynix Ex. 1007, Page 5 of 10



Patent Application Publication Jul. 15, 2004 Sheet 5 of 5 US 2004/0136213 A1 

FIG.7 

o V11 

N > O V12 

> D W13 
STABILIZED VREG 

POWER SUPPLY 

> o V14 
tr; > o V15 

> o V16 

SK hynix Ex. 1007, Page 6 of 10



US 2004/O136213 A1 

STEP-DOWN CIRCUIT, POWER SUPPLY CIRCUIT, 
AND SEMICONDUCTOR INTEGRATED CIRCUIT 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a charge pump 
Step-down circuit which reduces and provides an applied 
potential, and a power Supply circuit which produces a 
plurality of power Supply potentials using the charge pump 
Step-down circuit. The invention also relates to a semicon 
ductor integrated circuit (a liquid crystal display driver) 
including the step-down circuit or the power supply circuit 
and a method of driving a liquid crystal display. 
0003 2. Related Art 
0004 FIG. 4 is a schematic diagram showing a conven 
tional charge pump /2 step-down circuit. This circuit halves 
a first potential V1 and provides a second potential V2. As 
shown in FIG. 4, the circuit includes P-channel MOS 
transistors Q1 and Q2 and N-channel MOS transistors Q3 
and Q4 connected in series between the first potential V1 
and a power Supply potential Vss (referred to here as a 
ground potential) on the low potential side. The circuit also 
includes a capacitor C1 connected to a point between a 
connection point of the transistors Q1 with Q2 and a 
connection point of the transistors Q3 with Q4, a capacitor 
C2 connected to a point between the first potential V1 and 
the Second potential V2, and a capacitor C3 connected to a 
point between the Second potential V2 and the ground 
potential Vss. Here, the capacity of the capacitor C2 is 
equivalent to that of the capacitor C3. 
0005) To gates of the transistors Q1 to Q4, clock signals 
CKA to CKD, respectively, with wave patterns shown in 
FIG. 5 are applied. FIG. 6 (a) shows an equivalent circuit 
of the step-down circuit during a period of T1 shown in FIG. 
5, while FIG. 6 (b) shows an equivalent circuit of the 
step-down circuit during a period of T2 in FIG. 5. 
0006) During the period T1, as shown in FIG. 6 (a), the 
capacitor C2 and the capacitors (C1--C3) are connected in 
series between the first potential V1 and the ground potential 
Vss. With both capacitors being charged, the first potential 
V1 is divided into the ratio of the capacitor (C1+C3) with the 
capacitor C2. Then during the period T2, as shown in FIG. 
6 (b), the capacitors (C1+C2) and the capacitor C3 are 
connected in series between the first potential V1 and the 
ground potential Vss. With both capacitors being charged, 
the first potential V1 is divided into the ratio of capacitor C3 
with the capacitors (C1+C2). As a result of switching the 
periods T1 and T2 repeatedly, a voltage that is about half as 
large as the first potential V1 is maintained at both ends of 
the capacitor C2. Consequently, the charge pump step-down 
circuit does not need to pass a direct current loss, and 
thereby it provides extremely high efficiency. 
0007 The charge pump step-down circuit, however, 
merely forwards electrical charges stored in capacitors. 
Therefore, it has a problem in that an output voltage is 
considerably lowered when trying to pull out as large a 
current as possible. 
0008 Meanwhile, an LCD driver includes a power sup 
ply circuit that produces Some kinds of power supply 
potentials based on a stabilized power Supply potential so as 
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to produce potentials in accordance with input image data 
and to output them to LCD electrodes. FIG. 7 shows such 
a conventional power Supply circuit. Since this power Sup 
ply circuit employs a voltage divider including resistors and 
a Voltage buffer including operational amplifiers, it has a 
problem in that the operational amplifiers, in particular, 
deliver a direct current loss, which results in high power 
consumption. 

0009. In consideration of the above-mentioned problems, 
the invention aims to (1) provide a stable potential regard 
less of variations in a load with a charge pump step-down 
circuit, (2) reduce a direct current loss of a power supply 
circuit that produces Some kinds of power Supply potentials 
based on an input potential, and thereby lower power 
consumption, and (3) provide a semiconductor integrated 
circuit that puts Such a step-down circuit or a power supply 
circuit into practice. 

SUMMARY 

0010) In order to solve the above problems, a step-down 
circuit according to the invention comprises a clock control 
circuit which provides a plurality of clock signals having a 
frequency determined based on a control signal; a charge 
pump circuit which reduces a first potential applied to a first 
terminal and then provides a second potential from a second 
terminal by Switching the connection of a plurality of 
capacitors in Sync with a plurality of the clock signals output 
from the clock control circuit; and a comparator which 
produces the control signal to be supplied to the clock 
control circuit by comparing the Second potential to a 
reference potential. 
0011) The step-down circuit may further comprise a 
reference potential generating circuit which produces a 
reference potential based on the first potential applied to the 
first terminal of the charge pump circuit. Moreover, the 
clock control circuit may further include a frequency divider 
which divides an input clock signal; a selection circuit which 
Selects, based on the control signal provided by the com 
parator, either the input clock signal or a clock signal divided 
by the frequency divider; and an output circuit which 
provides a plurality of the clock signals to be provided to the 
charge pump circuit based on the clock signal selected by the 
Selection circuit. 

0012. The step-down circuit according to the invention 
Varies the frequency of the clock signal provided to the 
charge pump circuit by comparing an output potential to the 
reference potential, and thereby provides a stable potential 
regardless of load. 
0013 A power supply circuit according to the invention 
provides a plurality of potentials from a plurality of termi 
nals based on the first potential. The power supply circuit 
comprises a Voltage divider which divides the first potential, 
a Voltage follower which provides the second potential 
based on the potential divided by the voltage divider, and a 
Step-down circuit which reduces the first or the second 
potential and then provides a third potential by Switching the 
connection of a plurality of capacitors in sync with a clock 
Signal. 

0014) The power supply circuit may further comprise a 
booster which increases the first potential and then provides 
a fourth potential; a second voltage divider which divides 

SK hynix Ex. 1007, Page 7 of 10



US 2004/O136213 A1 

the fourth potential; a second voltage follower which pro 
vides a fifth potential based on the potential divided by the 
Second Voltage divider; and a Second Step-down circuit 
which, by Switching the connection of a plurality of capaci 
tors in Sync with a clock signal, reduces the fourth or the fifth 
potential and then provides a Sixth potential. Moreover, the 
power Supply circuit may further comprise a Stabilized 
power Supply circuit which produces a Stabilized power 
Supply potential, and an operational amplifier which pro 
duces the first potential by amplifying the Stabilized power 
Supply potential produced by the Stabilized power Supply 
circuit with a certain amplification factor. 
0.015 The power supply circuit according to the inven 
tion provides part of the power Supply potentials through 
charge pump Step-down circuits, and thereby reduces a 
direct current loSS and lowers power consumption compared 
to a power Supply circuit that provides all power Supply 
potentials through Voltage followers. 
0016 A semiconductor integrated circuit according to the 
invention comprises either the Step-down circuit or the 
power Supply circuit described above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 is a schematic diagram showing the step 
down circuit included in the Semiconductor integrated cir 
cuit according to the first embodiment of the invention. 
0018 FIG. 2 is a schematic diagram showing the clock 
control circuit in FIG. 1. 

0.019 FIG. 3 is a schematic diagram showing the power 
Supply circuit included in the Semiconductor integrated 
circuit according to the Second embodiment of the invention. 
0020 FIG. 4 is a schematic diagram showing a conven 
tional charge pump Step-down circuit. 
0021 FIG. 5 is a diagram showing the wave patterns of 
the clock signals used in the Step-down circuit shown in 
FIG. 4. 

0022 FIG. 6 is a diagram showing an equivalent circuit 
of the step-down circuit shown in FIG. 4. 
0023 FIG. 7 shows a conventional power supply circuit. 

DETAILED DESCRIPTION 

0024. Embodiments of the invention are described below 
in detail with reference to the accompanying drawings. In 
the embodiments, identical elements are given the same 
reference numerals, and their repeated descriptions are omit 
ted. 

0.025 FIG. 1 is a schematic diagram showing a step 
down circuit included in a Semiconductor integrated circuit 
according to a first embodiment of the invention. The 
step-down circuit shown in FIG. 1 comprises a clock control 
circuit 2 which provides a plurality of clock Signals CKA to 
CKD having a frequency determined based on a control 
Signal, a charge pump circuit 3 which reduces a first poten 
tial V1 applied to an input terminal and then provides a 
Second potential V2 from an output terminal by Switching 
the connection of a plurality of capacitors in Sync with a 
plurality of the clock signals CKA to CKD output from the 
clock control circuit 2, and a comparator 1 which produces 
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the control signal to be Supplied to the clock control circuit 
2 by comparing the Second potential V2 to a reference 
potential VREF. 
0026. Here, the reference potential V is produced by 
dividing a Voltage between the first potential V1 and a power 
Supply potential (referred to as a ground potential in this 
embodiment) Vss on the low potential side using resistors 
R1 and R2. In a case with a /2 step-down circuit, the values 
of the resistors R1 and R2 are set to be equal. 
0027 FIG. 2 is a schematic diagram showing the clock 
control circuit in FIG. 1. AS FIG. 2 shows, the clock control 
circuit 2 comprises a frequency divider 21 which divides an 
input clock Signal CK, a Selection circuit 22 which Selects, 
based on the control Signal provided by the comparator, 
either the input clock signal CK or a clock Signal divided by 
the frequency divider 21; and an output circuit 23 which 
provides a plurality of the clock signals CKA to CKD to be 
provided to the charge pump circuit based on the clock 
Signal Selected by the Selection circuit 22. The Selection 
circuit 22, for example, comprises a plurality of “AND” 
circuits and “OR” circuits. The output circuit 23, for 
example, comprises a plurality of inverters. 
0028. The charge pump circuit 3 employs such a circuit 
as shown in FIG. 4. At the same time, an operational 
amplifier can be used as the comparator 1, which may have 
hysteresis characteristics. If the Second potential V2 output 
from the charge pump circuit 3 is higher than the reference 
potential V, the control Signal output from the compara 
tor 1 is Set to a low level, and the Selection circuit 22 
included in the clock control circuit 2 Selects the clock signal 
divided by the frequency divider. 
0029. Here, when a load is connected to the charge pump 
circuit 3 for pulling out a large current, the charge pump 
circuit 3 fails to sufficiently deliver electrical charges out of 
its capacitors in a Specific period, which lowers the Second 
potential V2 output from its terminal. If the second potential 
V2 becomes lower than the reference potential V, the 
control Signal output from the comparator 1 is Set to a high 
level, and the Selection circuit 22 in the clock control circuit 
2 Selects the input clock signal CK whose frequency is 
higher than that of the divided clock signal. Consequently, a 
Switching frequency of the charge pump circuit 3 is thereby 
increased and its capacitors are Successfully charged at Short 
enough intervals. Therefore, the output potential V2 is 
prevented from being lowered, which makes it more con 
sistent with a preset value of a half of the first potential V1. 
0030) Next a second embodiment of the invention is 
described below. 

0031 FIG. 3 is a schematic diagram showing a power 
Supply circuit included in a Semiconductor integrated circuit 
according to the Second embodiment of the invention. The 
power Supply circuit shown in FIG.3 provides a plurality of 
potentials V1 to V6 from a plurality of terminals based on 
a first potential V1 output from an operational amplifier 5. 
0032. The power Supply circuit comprises a stabilized 
power Supply circuit 4 which produces a Stabilized power 
Supply potential V, and an operational amplifier 5 which 
produces a first potential V1 by amplifying the stabilized 
power Supply potential V with a predetermined ampli 
fication factor. The power Supply circuit also comprises 
resistors R21 and R22 which divide the first potential V1, an 
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operational amplifier 6 which provides a Second potential 
V2 based on the potential divided by the resistors R21 and 
R22, and a step-down circuit 7 which halves the first 
potential V1 with respect to the second potential V2 so as to 
provide a third potential V3. The step-down circuit 7 may 
reduce the Second potential V2 with respect to a power 
Supply potential (referred to as a ground potential in this 
embodiment) Vss on the low potential Side. 
0033. The power supply circuit further comprises a 
booster 8 which doubles the first potential V1 and then 
provides a fourth potential V4, resistors R31 and R32 which 
divide the fourth potential V4, an operational amplifier 9 
which provides a fifth potential V5 based on the potential 
divided by the resistors R31 and R32, and a step-down 
circuit 10 which halves the fifth potential V5 with respect to 
the first potential V1 and then provides a sixth potential V6. 
The step-down circuit 10 may halve the fourth potential V4 
with respect to the fifth potential V5. 
0034. The operational amplifier 5 produces the first 
potential V1 by amplifying the Stabilized power Supply 
potential V with an amplification factor determined by 
the values of the resistors R11 and R12. The operational 
amplifier 6 comprises a voltage follower with a 100% 
feedback, and provides the potential divided by the resistors 
R21 and R22 with low impedance. Although the step-down 
circuit 7 may employ a step-down circuit Such as that shown 
in FIG. 4, preferably it is a step-down circuit such as that 
shown in FIG. 1. The step-down circuit 7 halves a potential 
by Switching the connection of a plurality of capacitors in 
Sync with clock signals. 
0.035 A charge pump forward booster can be used as the 
booster 8. The operational amplifier 9 comprises a voltage 
follower with a 100% feedback, and provides the potential 
divided by the resistors R31 and R32 with low impedance. 
Although the Step-down circuit 10 may employ a step-down 
circuit such as that shown in FIG. 4, preferably it is a 
step-down circuit such as that shown in FIG. 1. The step 
down circuit 10 halves a potential by Switching the connec 
tion of a plurality of capacitors in Sync with clock signals. 
0036). In this manner, the combination of the two voltage 
followers and the two /2 step-down circuits produces the 
second potential V2, the third potential V3, the fifth potential 
V5, and the sixth potential V6, all based on the first potential 
V1 and the fourth potential V4 (=2 * V1) which are 
provided. They satisfy, for example, the following formulas: 

0041 AS described above, the step-down circuit accord 
ing to the invention provides a Stable potential regardless of 
variations in a load by varying the frequency of clock signals 
provided to the charge pump circuit based on a comparison 
between an output potential and the reference potential. At 
the Same time, the power Supply circuit according to the 
invention provides part of the power Supply potentials 
through charge pump Step-down circuits, and thereby 
reduces a direct current loSS and lowers power consumption 
compared to a power Supply circuit that provides all power 
Supply potentials through Voltage followers. 
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0042. The entire disclosure of Japanese Patent Applica 
tion No. 2002-341618 filed Nov. 26, 2002 is incorporated by 
reference. 

What is claimed is: 
1. A Step-down circuit, comprising: 
a clock control circuit which provides a plurality of clock 

Signals having a frequency determined based on a 
control Signal; 

a charge pump circuit which reduces a first potential 
applied to a first terminal So as to provide a Second 
potential from a Second terminal by Switching a con 
nection of a plurality of capacitors in Sync with the 
plurality of clock signals output from the clock control 
circuit, and 

a comparator which produces the control Signal Supplied 
to the clock control circuit by comparing the Second 
potential to a reference potential. 

2. The Step-down circuit according to claim 1, further 
comprising: 

a circuit which generates the reference potential based on 
the first potential applied to the first terminal of the 
charge pump circuit. 

3. The Step-down circuit according to claim 1, the clock 
control circuit, comprising: 

a frequency divider which divides an input clock signal; 
a Selection circuit which Selects one of the input clock 

Signal and a clock signal divided by the frequency 
divider, based on the control Signal provided by the 
comparator; and 

an output circuit which provides the plurality of clock 
Signals to be provided to the charge pump circuit based 
on the one clock Signal Selected by the Selection circuit. 

4. A power Supply circuit providing a plurality of poten 
tials from a plurality of terminals based on a first potential, 
comprising: 

a voltage divider which divides the first potential; 
a voltage follower which provides a Second potential 

based on the first potential divided by the voltage 
divider; and 

a step-down circuit which reduces at least one of the first 
potential and the Second potential So as to provide a 
third potential by Switching a connection of a plurality 
of capacitors in Sync with a clock Signal. 

5. The power Supply circuit according to claim 4, further 
comprising: 

a booster which increases the first potential So as to 
provide a fourth potential; 

a second voltage divider which divides the fourth poten 
tial; 

a second voltage follower which provides a fifth potential 
based on the divided fourth potential; and 

a Second Step-down circuit which reduces at least one of 
the fourth potential and the fifth potential so as to 
provide a sixth potential, by Switching a connection of 
a Second plurality of capacitors in Sync with a clock 
Signal. 
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6. The power Supply circuit according to claim 4, further 
comprising: 

a Stabilized power Supply circuit which produces a Stabi 
lized power Supply potential; and 

an operational amplifier which produces the first potential 
by amplifying the Stabilized power Supply potential 
produced by the Stabilized power Supply circuit with a 
predetermined amplification factor. 

7. A Semiconductor integrated circuit, comprising: 
the Step-down circuit according to claim 1. 
8. A Semiconductor integrated circuit, comprising: 
the power Supply circuit according to claim 4. 
9. The Step-down circuit according to claim 2, the clock 

control circuit, comprising: 
a frequency divider which divides an input clock signal; 
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a Selection circuit which Selects one of the input clock 
Signal and a clock signal divided by the frequency 
divider, based on the control Signal provided by the 
comparator; and 

an output circuit which provides the plurality of clock 
Signals to be provided to the charge pump circuit based 
on the one clock Signal Selected by the Selection circuit. 

10. The power supply circuit according to claim 5, further 
comprising: 

a Stabilized power Supply circuit which produces a Stabi 
lized power Supply potential; and 

an operational amplifier which produces the first potential 
by amplifying the Stabilized power Supply potential 
produced by the Stabilized power Supply circuit with a 
predetermined amplification factor. 

k k k k k 
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