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57) ABSTRACT

The present invention discloses a charge pump circuit suit-
able for a low-voltage process. The charge pump circuit is
composed of stages of the voltage amplifying circuits con-
nected each other, and the operation of two adjacent stages
of voltage amplifying circuit is controlled by two opposite
set of the timing signals. Each stage of the voltage ampli-
fying circuit has a coupled pair of a first complementary
MOS (CMOS) transistor and a second CMOS transistor
switching in accordance with a timing signal and an inverse
timing signal inputted into the first and second capacitors.
Then, two diode devices guide charges to next stage, and a
voltage higher than the integrated circuit voltage source is
outputted. The present invention has advantage of high
pumping gain, and the reliability issue of the gate oxide
layer in the low-voltage process can be also solved.
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CHARGE PUMP CIRCUIT SUITABLE FOR
LOW-VOLTAGE PROCESS

BACKGROUND OF INVENTION
[0001]

[0002] The invention relates to a charge pump circuit, and
more particularly, to a charge pump circuit suitable for a
low-voltage process and having a high pumping gain.

[0003]

1. Field of the Invention

2. Description of the Prior Art

[0004] When using the general volatile memory devices,
such as dynamic random access memory (DRAM) or static
random access memory (SRAM), the stored data will be
removed after turning the power off. If we want to keep the
data after turning the power off, we should use the non-
volatile memory devices, such as read-only memory (ROM),
programmable read-only memory (PROM), erasable pro-
grammable read-only memory (EPROM), electrically eras-
able programmable read-only memory (EEPROM) and flash
memory (Flash).

[0005] The EEPROM or Flash needs a charge pump
circuit to provide a voltage higher than the integrated circuit
voltage source to perform the program or erase procedure.
The charge pump circuit can not only provide the high
voltage required for operation of the memory devices but
also provide the high voltage for any other purposes.

[0006] FIG. 1 shows a common charge pump circuit
(called Dickson C.P), which is a 4-stage charge pump. The
charge pump circuit provides memory devices the high
voltage by controlling a series of connected NMOS transis-
tors and capacitors to boost the voltage source (V) stage
by stage. But the threshold voltage (Vt) of the diode-
connected MOSFET is increased with the body effect while
voltage of each pumping node is boosted, and that will cause
the efficiency of charge pump worse. The aggravation of
charge pump has great influence to the low-voltage source,
and will cause the invalidity of the charge pump circuit in
memory devices using low-voltage source.

[0007] For improving the pumping gain, another charge
pump circuit (called J.-T C.P) is developed. The charge
pump circuit provides a method to transfer charges while the
forward bias of the diode-connected MOSFET is lower than
the threshold voltage. As shown in FIG. 2(a), a charge
transfer circuits (CTS) is added into the charge pump circuit,
and the MOSFET switch is timely opened or closed to be a
charge transfer circuit to transfer charges. The pumping gain
of the charge pump is improved to Vg=AV=V with those
charge transfer circuits, and if the parasitic capacitance of
each pumping node is ignored, the maximum voltage dif-
ference between each pumping stage will be V0=Vt
Vs=2Vpp. Please also refer to FIG. 2(b). The voltage
difference between node 1 and node 2 is marked as V12,
which has a maximum value 2V, between time periods T1
and T3, and this situation is also happened on simultaneous
V34 and V23 between time periods T2 and T4. If the voltage
source is a typical voltage of manufacture process, such as
1.8V used in the 0.18-um process of the 40 A thickness gate
oxide layer, most MOSFET in the circuit will exceed the
bearable voltage of the gate oxide layer (2*1.8=3.6 V) and
lead to the avalanche of the gate oxide layer and the
invalidity of the device.
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[0008] The conventional charge pump circuit has an
exceeding high voltage on the gate oxide layer in the
low-voltage manufacture process and the pumping gain of
the conventional charge pump circuit is not high enough, so
the present invention provides a charge pump circuit suitable
for a low-voltage process and having a high pumping gain
to overcome the disadvantages.

SUMMARY OF INVENTION

[0009] Tt is therefore a primary objective of the claimed
invention to provide a charge pump circuit suitable for a
low-voltage process that has advantage of high pumping
gain. The device is punily affected by the body effect, so the
reliability issue of the gate oxide layer in the low-voltage
process can be solved.

[0010] It is therefore another objective of the claimed
invention to provide a charge pump circuit suitable for a
low-voltage process that doesn’t have problem of high
voltage on the gate oxide layer, and this circuit is suitable for
producing the high voltage applied to the low-voltage
devices to overcome the overload problem on the gate oxide
layer.

[0011] According to the claimed invention, a charge pump
circuit is composed of stages of the voltage amplifying
circuits connected each other, and the operation of two
adjacent stages of voltage amplifying circuit is controlled by
two opposite set of the timing signals. Each stage of the
voltage amplifying circuit has a coupled pair of a first
complementary MOS (CMOS) transistor and a second
CMOS transistor, wherein the first CMOS transistor is
connected to a corresponding first capacitor to perform
switching operation in accordance with a timing signal
inputted into the first capacitor and the second CMOS
transistor is connected to a corresponding second capacitor
to perform switching operation in accordance with an
inverse timing signal inputted into the second capacitor.
Then, two diode devices are individually connected to gate
electrodes of the first and second CMOS transistors for
guiding charges to next stage or to output. Finally, a voltage
higher than the integrated circuit voltage source is outputted
at the voltage-outputting terminal for the memory device.

[0012] These and other objectives of the present invention
will no doubt become obvious to those of ordinary skill in
the art after reading the following detailed description of the
preferred embodiment that is illustrated in the various fig-
ures and drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1 is a schematic diagram of a charge pump
circuit according to the prior art.

[0014] FIGS. 2(a) and 2(b) are a schematic diagram and a
voltage signal diagram of another charge pump circuit
according to the prior art.

[0015] FIGS. 3(a) and 3(b) are a schematic diagram and a
voltage signal diagram of a charge pump circuit according to
the present invention.

[0016] FIGS. 4(a) and 4(b) are diagrams of voltage wave
at every nodes of the charge pump circuit according to the
present invention.



US 2005/0146375 Al

[0017] FIG. 5 is a comparison curve of the output voltage
under different output currents of the present invention and
the prior art.

[0018] FIG. 6 is a comparison curve of the output voltage
under different time of the present invention and the prior
art.

[0019] 10 the first CMOS transistor
[0020] 12 the first capacitor
[0021] 14 NMOS transistor
[0022] 16 PMOS transistor
[0023] 18 diode device
[0024] 20 the second CMOS transistor
[0025] 22 the second capacitor
[0026] 24 NMOS transistor
[0027] 26 PMOS transistor
[0028] 28 diode device
DETAILED DESCRIPTION
[0029] The charge pump circuit is popularly used in the

integrated circuits, such as in the memory IC, the analog or
digital IC and the LCD drive IC. With the progression of
process, the voltage tolerance of devices is getting smaller,
and the present invention discloses a charge pump circuit
suitable for a low-voltage process that has high pumping
gain and no exceeding voltage on the gate oxide layer.

[0030] The claimed charge pump circuit is composed of a
plurality of stages (1-stage to n-stage) of voltage amplifying
circuits connected each other, and the operation of two
adjacent stages of voltage amplifying circuits is controlled
by two opposite timing signals. The embodiment in FIG.
3(a) uses a 4-stage voltage amplifying circuit to explain the
present invention.

[0031] As shown in FIG. 3(a), each stage of the voltage
amplifying circuit comprises a coupled pair of a first
complementary MOS (CMOS) transistor 10 and a second
CMOS transistor 20. The first CMOS transistor 10 is con-
nected to a corresponding first capacitor (C5) 12 to perform
switching operation in accordance with a timing signal (¢2)
inputted into the first capacitor 12, and the first CMOS
ransistor 10 is composed of a NMOS transistor
(Mnal~Mna4) 14 and a PMOS transistor (Mpal~Mpad) 16.
The source electrode of the NMOS transistor 14 is con-
nected to a voltage inputting terminal, and the source
electrode of the PMOS transistor 16 is connected to the
voltage inputting terminal of next stage. The drain electrodes
of the NMOS transistor 14 and the PMOS transistor 16 are
coupled to the first capacitor 12. In addition, the second
CMOS transistor 20 is connected to a corresponding second
capacitor (C1) 22 to perform switching operation in accor-
dance with an inverse timing signal (¢1) inputted into the
second capacitor 22, and the second CMOS transistor 20 is
also composed of a NMOS transistor (Mnb1~Mnb4) 24 and
a PMOS transistor (Mpb1~Mpb4) 26. The source electrode
of the NMOS transistor 24 is connected to a voltage input-
ting terminal, and the source electrode of the PMOS tran-
sistor 26 is connected to the voltage inputting terminal of
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next stage. The drain electrodes of the NMOS transistor 24
and the PMOS transistor 26 are also coupled to the second
capacitor 22.

[0032] Each stage of the voltage amplifying circuit further
comprises two diode devices 18, 28 individually connected
to gate electrodes of the first and second CMOS transistors
10, 20. The diode devices 18, 28 are used for limiting
charges accumulating on gate electrode of the CMOS tran-
sistors 10, 20 to flow in one direction and guiding charges to
next stage through the diode devices 18, 28. In addition,
when the voltage difference between the diode devices 18,
28 is only 0.7V, the diode devices 18, 28 will be closed
without guiding charges. At this moment, the CMOS tran-
sistors 10, 20 keep guiding charges to the next stage till
voltages at both ends are equal. A voltage higher than the
integrated circuit voltage source can be obtained at the
voltage outputting terminal by continuously outputting and
accumulating charges.

[0033] After referring FIG. 3(a), the timing signals ¢1 and
¢2 are opposite signals, and have the same amplitude with
the voltage source (VDD). The charge pump circuit has two
equivalent parts marked with Branch A and Branch B, and
the both architectures are similar besides the timing signals.
If the timing signal of the first and third stages of the voltage
amplifying circuit in Branch A is ¢1, the timing signal in
Branch B will be ¢2. Oppositely, if the timing signal of the
first and third stages of the voltage amplifying circuit in
Branch A is ¢2, the timing signal in Branch B will be ¢1.
These two opposite timing signals ¢1 and ¢2 are produced
by a timing signal generator.

[0034] Moreover, each stage of the claimed voltage ampli-
fying circuit can be normally opened and closed, and each
branch can be an independent charge pump circuit. Since the
timing signals of Branch A and Branch B are inverse, the
waveform at nodes 1-4 and nodes 5-8 are also inverse. The
waveform at nodes 1-8 are shown in FIG. 3(b).

[0035] The operation status of each voltage amplifying
circuit (also called the charge transfer circuit, CTS) is
confirmed below. Firstly, to the first stage of the voltage
amplifying circuit, as shown in FIG. 3()), the timing signal
¢1 in time period T1 is low and ¢2 is high. The rated voltage
of V15 is -VDD, so the switch Mnal of the MOSFET is
opened to drive charges flowing from the voltage source
terminal to node 1 and the switch Mnbl is closed to stop
charges flowing from node 5 to the voltage source terminal.
On the other hand, in time period T2, the ideal operating
voltage of V15 is VDD. For stopping charges flowing from
node 1 to the voltage source terminal, Mnal is closed and
Mnbl1 is opened to drive charges flowing from the voltage
source terminal to node 5. To other stages, illustrated with
the second stage of the voltage amplifying circuit, the timing
signal ¢1 in time period T1 is low and ¢2 is high. The rated
voltages of V15 and V26 are -VDD and VDD, so the
switches Mpal and Mna2 of the MOSFET is opened to drive
charges flowing from node 1 to node 2 and the switches
Mpbl and Mnb2 are closed to stop charges flowing from
node 6 to node 5. On the other hand, in time period T2, the
ideal operating voltages of V15 and V26 are VDD and
-VDD. For stopping charges flowing from node 2 to node 1,
Mpal and Mna2 are closed and Mpb1 and Mnb2 are opened
to drive charges flowing from node 5 to node 6. To the
outputting stage, the timing signal ¢1 in time period T1 is
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low and ¢2 is high. The rated voltage of V48 is VDD, so the
switch Mpa4 of the MOSFET is opened to drive charges
flowing from node 4 to the outputting node and the switch
Mpb4 is closed to stop charges flowing from the outputting
node to node 8. On the other hand, in time period T2, the
ideal operating voltages of V48 is -VDD. For stopping
charges flowing from the outputting node to node 4, Mpa4
is closed and Mpb4 is opened to drive charges flowing from
node 8 to the outputting node. Hence, according to the above
description, Branch A and Branch B will output a high
voltage alternately.

[0036] The circuit is simulated with a SPICE model of a
TSMC 0.18 um transistor and the result is shown in FIGS.
4(a) and 4(b). FIGS. 4(a) and 4(b) arc diagrams of voltage
wave at nodes 1-8 of the charge pump circuit with 1.8V
voltage supply and 5 uA outputting load current, and the
result is similar to that anticipated. The trivial difference
between the output voltage Vout 8.39V and the ideal value
5*VDD=9V is produced by the parasitic capacitor and
outputting load current.

[0037] The present invention and two prior arts are com-
pared now. Firstly, to the reliability, the diode-connected
MOSFET is used for driving charges to the next stage in the
Dickson C.P charge pump circuit. When the diode-con-
nected MOSFET is OFF to avoid charges flowing back, the
voltage across the gate oxide layer of the diode-connected
MOSEFET is 2*VDD-Vt. If VDD is the rated supplying
voltage, the diode-connected MOSFET will be damaged in
a short time. In the J.-T charge pump circuit, not only the
diode-connected MOSFET but also the charge transfer cir-
cuit and its controlling circuit are operated in exceeding
voltages at both ends of the gate oxide layer. The only
method to safely operate in the low-voltage process is
lowering the supplying voltage to about 0.5¥*VDD, and that
is not enough for the memory device. In the present inven-
tion, the charge pump circuit will overcome these problems
and the reliability issue is also considered without lowering
the supplying voltage.

[0038] FIG. 5 is a comparison curve of the output voltage
under different output currents of the present invention and
the prior art. All the compared circuits have 2 p voltage-
regulating capacitors. Obviously, in the situation of using
same 1 p driving capacitor, the charge pump circuit of the
present invention is better than that of the prior arts, espe-
cially in the situation of high current load. Since the charge
pump circuit of the present invention has two branches to
alternatively drive charges to the outputting nodes, and the
voltage variance at each pumping node is

10 I [
= Vork = 57—
2fC o

AV = Vg X Coumr___
Cpump + Cpar 2f (Cpum,y + Cpar)

[0039] so the curve slope of the claimed charge pump
circuit is about half of that of the prior arts.

[0040] Please refer to FIG. 6, which is a diagram of the
outputting waveforms of the charge pump circuits under the
fixed outputting current load 20uA. From high to low, the
curves means the claimed charge pump circuit with 1 p
driving capacitor, the J.-T charge pump with 1.6 p driving
capacitor, the J.-T charge pump with 1 p driving capacitor,
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the Dickson charge pump with 2 p driving capacitor, and the
Dickson charge pump with 1 p driving capacitor. Thus it can
be seen the curve of the charge pump circuit of the present
invention is more stable than that of two prior charge pump
circuits.

[0041] In the low-voltage process, the reliability issue of
the gate oxide layer is very important. When a charge pump
circuit is manufactured with a low-voltage process, the
consideration of both reliability and performance will make
the design complex and difficult. In contrast to the prior art,
the present invention discloses a novel charge pump circuit
to solve the disadvantages. The present invention can be
safely operated in the low-voltage process without danger of
avalanche, and can provide a higher and more stable out-
putting voltage. Hence, the present invention can not only be
used in the low-voltage process but also have advantage of
high pumping gain. This circuit doesn’t have the problem of
exceeding voltage of the gate oxide layer and is suitable for
providing the high voltage in the low-voltage devices. In
addition, this circuit can overcome the overload problem on
the gate oxide layer and improve the reliability of the gate
oxide layer.

[0042] Those skilled in the art will readily observe that
numerous modifications and alterations of the device may be
made while retaining the teachings of the invention. Accord-
ingly, the above disclosure should be construed as limited
only by the metes and bounds of the appended claims.

What is claimed is:

1. A charge pump circuit suitable for a low-voltage
process, the charge pump circuit can produce a voltage
higher than a integrated circuit voltage source and has n
stage of a plurality of voltage amplifying circuits, each stage
of the voltage amplifying circuit comprises:

a coupled pair of a first complementary MOS (CMOS)
transistor and a second CMOS ftransistor, the first
CMOS transistor is connected to a corresponding first
capacitor to perform switching operation in accordance
with a timing signal inputted into the first capacitor, the
second CMOS transistor is connected to a correspond-
ing second capacitor to perform switching operation in
accordance with an inverse timing signal inputted into
the second capacitor; and

two diode devices individually connected to gate elec-
trodes of the first and second CMOS transistors for
guiding charges to next stage or to output.

2. The charge pump circuit of claim 1, wherein the first
CMOS transistor is composed of a NMOS transistor and a
PMOS transistor.

3. The charge pump circuit of claim 1, wherein the second
CMOS transistor is composed of a NMOS transistor and a
PMOS transistor.

4. The charge pump circuit of claim 2, wherein source
electrode of the NMOS transistor of each CMOS transistor
is connected to a voltage inputting terminal, source electrode
of the PMOS transistor is connected to the voltage inputting
terminal of next stage, and drain electrodes of the NMOS
transistor and the PMOS transistor are connected to the
coupled capacitors.

5. The charge pump circuit of claim 3, wherein source
electrode of the NMOS transistor of each CMOS transistor
is connected to a voltage inputting terminal, source electrode
of the PMOS transistor is connected to the voltage inputting
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terminal of next stage, and drain electrodes of the NMOS
transistor and the PMOS transistor are connected to the
coupled capacitors.

6. The charge pump circuit of claim 1, wherein the diode
device is used for limiting charges accumulating on gate
electrode of the CMOS transistor to flow in one direction.

7. The charge pump circuit of claim 1, wherein the timing
signal and the inverse timing signal are produced by a timing
signal generator.

8. A charge pump circuit suitable for a low-voltage
process, the charge pump circuit can produce a voltage
higher than a integrated circuit voltage source, the charge
pump circuit at least comprises:

a plurality of stages of voltage amplifying circuits con-
nected each other, each voltage amplifying circuit has
a coupled pair of a first CMOS transistor and a second
CMOS transistor, the first CMOS transistor is con-
nected to a corresponding first capacitor to perform
switching operation in accordance with a timing signal
inputted into the first capacitor, the second CMOS
transistor is connected to a corresponding second
capacitor to perform switching operation in accordance
with an inverse timing signal inputted into the second
capacitor; and

a plurality of diode devices individually connected to gate
electrodes of the first and second CMOS transistors of
the voltage amplifying circuit for guiding charges to
next stage or to output.

9. The charge pump circuit of claim 8, wherein each first

CMOS transistor is composed of a NMOS transistor and a
PMOS transistor.
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10. The charge pump circuit of claim 8, wherein each
second CMOS transistor is composed of a NMOS transistor
and a PMOS transistor.

11. The charge pump circuit of claim 9, wherein source
electrode of the NMOS transistor of each CMOS transistor
is connected to a voltage inputting terminal, source electrode
of the PMOS transistor is connected to the voltage inputting
terminal of next stage, and drain electrodes of the NMOS
transistor and the PMOS transistor are connected to the
coupled capacitors.

12. The charge pump circuit of claim 10, wherein source
electrode of the NMOS transistor of each CMOS transistor
is connected to a voltage inputting terminal, source electrode
of the PMOS transistor is connected to the voltage inputting
terminal of next stage, and drain electrodes of the NMOS
transistor and the PMOS transistor are connected to the
coupled capacitors.

13. The charge pump circuit of claim 8, wherein the diode
device is used for limiting charges accumulating on gate
electrode of the CMOS transistor to flow in one direction.

14. The charge pump circuit of claim 8, wherein the
timing signal and the inverse timing signal are produced by
a timing signal generator.

15. The charge pump circuit of claim 8, wherein operation
of two adjacent stages of voltage amplifying circuit is
controlled by two opposite set of the timing signals.



