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ATMEL ?rst low-voltage NMOS transistor in series with a ?rst low 
P-O- BOX 2938 voltage PMOS transistor between charge transfer capacitors. 
MINNEAPOLIS-1 MN 55402 (Us) A second low-voltage NMOS transistor is coupled between 

the gate and the source of the ?rst NMOS transistor. A second 
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Jose, CA (Us) the source of the ?rst PMOS transistor. Respective boost 
voltages are applied to gates of the ?rst NMOS transistor and 

(21) Appl. No.: 11/753,932 the second PMOS transistor to minimize threshold voltage 
losses. A stabilizing capacitor is connected between the ?rst 

(22) Filed; May 25, 2007 NMOS transistor and the second PMOS transistor. 
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LOW VOLTAGE CHARGE PUMP 

TECHNICAL FIELD 

[0001] The present invention relates to charge pump cir 
cuits. 

BACKGROUND ART 

[0002] Charge pump circuits are frequently used in a semi 
conductor integrated circuit to provide an internal voltage that 
is higher than an external voltage provided to the semicon 
ductor integrated circuit from an external poWer supply, such 
as a battery. Charge pump circuits are also used to provide a 
voltage of reverse polarity. Charge pump circuits are particu 
larly useful in FLASH and EEPROM non-volatile memories, 
but are gaining more and more acceptance in analog circuits 
in order to increase dynamic range and to simplify circuit 
design. 
[0003] FIG. 1 illustrates a conventional Dickson charge 
pump 10 Which uses multiple stages of sWitched-capacitor 
circuits. Each of the stages includes a capacitor and a diode 
connected NMOS transistor. A ?rst Dickson charge pump 
stage includes an NMOS transistor ND1 and a capacitor C1. 
A second Dickson charge pump stage includes an NMOS 
transistor ND2 and a capacitor C2. A third Dickson charge 
pump stage includes an NMOS transistor ND3 and a capaci 
tor C3. A fourth Dickson charge pump stage includes an 
NMOS transistor ND4 and a capacitor C4. A ?fth Dickson 
charge pump stage includes an NMOS transistor ND5 and a 
capacitor C5. The NMOS transistors ND1, ND2, ND3, ND4, 
ND5 each have their bulk or substrate connected to ground, 
their drain and gate connected together to a stage capacitor, 
and their source connected to the capacitor of the next stage. 
TWo oppositely phased clock signals, CIDDA and (DB are used 
for pumping charge from stage to stage. The maximum gain 
per stage of the Dickson charge pump 10 is (V DD-VT), Where 
VT is the threshold voltage of an NMOS device. For n stages, 
the gain of a conventional Dickson charge pump is n(VDD 
VT). The gain is thus reduced by n times the VT threshold 
voltage. 
[0004] For some applications, the conventional Dickson 
charge pump 10 has a number of draWbacks. For instance, the 
number of stages that can be cascaded is limited by the 
amount of the voltage drop increase betWeen the source and 
the bulk of an NMOS device resulting in a dramatic VT 
increase on the last stages. Another signi?cant draWback is 
that high voltage transistors With thick oxide layers are nec 
essary to sustain a large voltage drop betWeen gate and bulk in 
a reliable Way. This makes it dif?cult to design conventional 
Dickson charge pumps using thin oxide, loW voltage standard 
devices Which can sustain a maximum drop of only VDD. 

SUMMARY OF THE INVENTION 

[0005] One embodiment of a charge pump stage includes a 
NMOS section and a PMOS section. The NMOS section 
includes: a ?rst NMOS transistor coupled betWeen an input 
node and an intermediate node; a second NMOS transistor 
coupled betWeen a gate of the ?rst NMOS transistor and the 
input node and With a gate coupled to the intermediate node 
for refreshing a voltage at the gate of the ?rst NMOS transis 
tor. A ?rst transfer capacitor is coupled betWeen the input 
node and a ?rst clock input terminal and is con?gured to 
receive a ?rst clock input signal. A ?rst coupling capacitor is 
coupled betWeen the gate of the ?rst NMOS transistor and a 
boost clock signal terminal that is con?gured to receive a 
boost clock signal. The PMOS section includes: a ?rst PMOS 
transistor coupled betWeen the intermediate node and an out 
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put node, a second PMOS transistor coupled betWeen a gate 
of the ?rst PMOS transistor and the output node With a gate 
coupled to the intermediate node for refreshing a voltage at 
the PMOS ?rst gate of the ?rst PMOS transistor. A second 
transfer capacitor is coupled betWeen the output node and a 
second inverted clock input terminal and con?gured to 
receive an inverted ?rst clock signal. A second coupling 
capacitor is coupled betWeen the gate of the ?rst PMOS 
transistor and an inverted boost clock signal terminal that is 
con?gured to receive an inverted boost clock signal. A stabi 
liZing capacitor is coupled betWeen the intermediate node and 
a ground voltage reference terminal. 
[0006] Another embodiment of a charge pump stage 
includes a NMOS section that includes: a ?rst NMOS tran 
sistor coupled betWeen an input node and an intermediate 
node, a second NMOS transistor that is coupled betWeen a 
gate of the ?rst NMOS transistor and the input node and that 
has a gate coupled to the intermediate node for refreshing a 
voltage at the ?rst NMOS gate of the ?rst NMOS transistor. A 
?rst transfer capacitor is coupled betWeen the input node and 
a ?rst clock input terminal and is con?gured to receive a ?rst 
clock input signal. A ?rst coupling capacitor is coupled 
betWeen the gate of the ?rst NMOS transistor and a boost 
clock signal terminal that is con?gured to receive a boost 
clock signal While the ?rst clock input signal is active. A 
PMOS section includes: a ?rst PMOS transistor that is 
coupled betWeen the intermediate node and an output node, a 
second PMOS transistor that is coupled betWeen a gate of the 
?rst PMOS transistor and the output node and that has a gate 
coupled to the intermediate node for refreshing a voltage at 
the ?rst PMOS gate of the ?rst PMOS transistor. A second 
transfer capacitor is coupled betWeen the output node and a 
second clock input terminal that is con?gured to receive a 
second clock input signal. A second coupling capacitor is 
coupled betWeen the gate of the ?rst PMOS transistor and an 
inverted boost clock signal terminal that is con?gured to 
receive an inverted boost clock signal While the second clock 
signal is active. The maximum voltage across the ?rst NMOS 
transistor, the second NMOS transistor, the ?rst PMOS tran 
sistor, and the second PMOS transistor is the VDD supply 
voltage. A stabiliZing capacitor is coupled betWeen the inter 
mediate node and a ground voltage reference terminal. 
[0007] A multi-stage embodiment of a charge pump 
includes a plurality of charge pump stages connected in 
series, each charge pump stage includes a NMOS section and 
an NMOS section. The NMOS section includes: a ?rst 
NMOS transistor that is coupled betWeen an input node and 
an intermediate node, a second NMOS transistor that is 
coupled betWeen a gate of the ?rst NMOS transistor and the 
input node and that has a gate coupled to the intermediate 
node for refreshing the voltage at the ?rst NMOS gate of the 
?rst NMOS transistor. A ?rst transfer capacitor is coupled 
betWeen the input node and a ?rst clock input terminal and is 
con?gured to receive a ?rst clock input signal. A ?rst coupling 
capacitor is coupled betWeen the gate of the ?rst NMOS 
transistor and a boost clock input terminal that is con?gured 
to receive a boost clock signal. The PMOS section includes: a 
?rst PMOS transistor that is coupled betWeen the intermedi 
ate node and an output node, a second PMOS transistor that is 
coupled betWeen a gate of the ?rst PMOS transistor and the 
output node and that has a gate coupled to the intermediate 
node for refreshing the voltage at the ?rst PMOS gate of the 
?rst PMOS transistor. A second transfer capacitor is coupled 
betWeen the output node and a second inverted clock input 
terminal and is con?gured to receive an inverted ?rst clock 
signal. A second coupling capacitor is coupled betWeen the 
gate of the ?rst PMOS transistor and an inverted boost clock 
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input terminal and is con?gured to receive an inverted boost 
clock signal. The ?rst and the second clock input signals have 
opposite phases and operate betWeen VDD and 0 volts. The 
maximum voltage across the ?rst NMOS transistor, the sec 
ond NMOS transistor, the ?rst PMOS transistor, and the 
second PMOS transistor is VDD. 

BRIEF DESCRIPTION OF DRAWINGS 

[0008] FIG. 1 is a simpli?ed circuit diagram of a prior art 
Dickson charge pump circuit. 
[0009] FIG. 2 is a circuit diagram of a single stage charge 
pump. 
[0010] FIG. 3 is a block diagram of a multi-stage charge 
pump. 
[0011] FIG. 4 is a timing chart for the multi-stage charge 
pump of FIG. 3. 
[0012] FIG. 5 illustrates Vout as a function of time for a 
multi-stage charge pump. 
[0013] FIG. 6 illustrates input and intermediate voltages as 
functions of time for one stage of a multi-stage charge pump. 
[0014] FIG. 7 illustrates intermediate and output voltages 
as functions of time for one stage of a multi-stage charge 
pump. 

DETAILED DESCRIPTION 

[0015] FIG. 2 illustrates an embodiment of a single pump 
stage 200 of a multi-stage charge pump. The pump stage 200 
has an input node 202 to Which is coupled one terminal of a 
?rst transfer capacitor Ct1. A second terminal of the ?rst 
transfer capacitor Ct1 is coupled to a ?rst clock input terminal 
204 Which is con?gured to receive a (I31 clock input signal. An 
input voltage signal V1 is provided at the input terminal 202. 
A ?rst NMOS transistor N1 has a source terminal and a bulk 
terminal coupled to the input node 202 and a drain terminal 
coupled to an internal node 206. A voltage signal at the 
internal node 206 is designated V1. An internal stabilizing 
capacitor Ci has one terminal coupled to the internal node 206 
and another terminal coupled to a ground terminal. A second 
NMOS transistor N2 has a source and bulk terminal coupled 
to the input node 202 and a drain terminal coupled to a ?rst 
NMOS gate node 208 to Which is coupled a gate of the ?rst 
NMOS transistor N1. A voltage signal at the ?rst NMOS gate 
node 208 is designated Vgn. A gate terminal of the second 
NMOS transistor N2 is coupled to the internal node 206. A 
?rst coupling capacitor Cc1 has a ?rst terminal coupled to a 
gate node 208 of the ?rst NMOS and a second terminal 
coupled to a clock input terminal 210 Which is con?gured to 
receive a (D4 clock input signal. 
[0016] The pump stage 200 has an output node 212 to 
Which is coupled one terminal of a second transfer capacitor 
Ct2. A second terminal of the second transfer capacitor Ct2 is 
coupled to a second clock input terminal 214 at Which is 
provided a (I32 clock input signal. An output voltage signal V2 
is provided at the output node 212. A ?rst PMOS transistor P1 
has one terminal coupled to the output node 212 and another 
terminal coupled to the internal node 206. A second PMOS 
transistor P2 has one terminal coupled to the output node 212 
and another terminal coupled to a ?rst PMOS gate node 216 
to Which is coupled a gate of the ?rst PMOS transistor P1. A 
voltage signal at the ?rst PMOS gate node 214 is designated 
Vgp. A gate terminal of the second PMOS transistor P2 is 
coupled to the internal node 206. A second coupling capacitor 
Cc2 is coupled betWeen the ?rst PMOS gate node 216 and an 
output terminal of an inverter 218 at Which is provided an 
inverted (1)4 boost clock input signal. An input terminal of the 
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inverter 218 is coupled to the ?rst clock input terminal 210 at 
Which is provided the (1)4 boost clock input signal. 
[0017] The maximum voltage drop across each of the tWo 
thin-oxide NMOS transistors N1, N2 and the tWo thin-oxide 
PMOS transistors P1, P2 is VDD. The transfer capacitors Ct1 
and Ct2 are used to transfer charge. The coupling capacitor 
Cc1 and the coupling capacitor Cc2 provide respective boost 
voltages on the gates of the ?rst NMOS transistor N1 and the 
?rst PMOS transistor P1 such that ?rst NMOS transistor N1 
and the ?rst PMOS transistor P1 have minimal voltage trans 
fer loss, or no voltage degradation. The internal stabilizing 
capacitor Ci stabiliZes the internal node 206 at an intermedi 
ate voltage level in order to avoid having a voltage drop higher 
than VDD across the transistors. 

[0018] FIG. 3 illustrates a multi-stage charge pump 300 that 
includes N stages, each of Which is similar to the pump stage 
200 of FIG. 2. FIG. 4 illustrates clock signal Waveforms for 
clock signals used With the multi-stage charge pump of FIG. 
3 

[0019] Referring to FIG. 3, a ?rst charge pump stage 302 
has an input terminal that is con?gured to be coupled to a 
VDD voltage terminal 304.A ?rst clock input terminal 306 of 
the ?rst charge pump stage 302 is con?gured to receive to a ([)3 
clock input signal. An output terminal of the ?rst charge pump 
stage 302 is con?gured to provide an output signal V1. The 
output terminal of the ?rst charge pump stage 302 is coupled 
to one terminal of a ?rst transfer capacitor Ct1, the other 
terminal of Which is coupled to a second clock terminal 308 
that is con?gured to receive a (I31 clock input signal. 
[0020] A second charge pump stage 310 has an input ter 
minal that is con?gured to be coupled to the output terminal of 
the ?rst charge pump stage 302. A third clock input terminal 
312 of the second charge pump stage 310 is con?gured to 
receive a (D4 clock input signal. An output terminal of the 
second charge pump stage 310 is con?gured to provide an 
output signal V2. The output terminal of the second charge 
pump stage 310 is coupled to one terminal of a second transfer 
capacitor Ct2, the other terminal of Which is coupled to a 
fourth clock terminal 314 that is con?gured to receive a (I32 
clock input signal. 
[0021] A third charge pump stage 316 has an input terminal 
that is con?gured to be coupled to the output terminal of the 
second charge pump stage 310. A ?fth clock input terminal 
318 of the third charge pump stage 316 is con?gured to 
receive the (I33 clock input signal. An output terminal of the 
third charge pump stage 316 is con?gured to provide an 
output signal V3. The output terminal of the third charge 
pump stage 316 is coupled to one terminal of a third transfer 
capacitor Ct3, the other terminal of Which is coupled to a ?fth 
clock terminal 320 that is con?gured to receive the (I31 clock 
input signal. 
[0022] The number of charge pump stages continues as 
described in connection With the second charge pump stage 
310 and the third charge pump stage 316 until an nth charge 
pump stage 322, Where n ranges from 2 to a number selected 
by a user for a desired application. The nth charge pump stage 
322 has an input terminal that is coupled to output terminal of 
a previous charge pump stage. An nth clock input terminal 
324 of the nth charge pump stage 322 is con?gured to receive 
the (I34 clock input signal. An output terminal of the nth 
charge pump stage 322 is con?gured to provide an output 
signal VOUT for the multi-stage charge pump 300. The out 
put signal Vout for the multi-stage charge pump 300 is 
coupled to an output terminal 326 of the nth charge pump 
stage 322. An output terminal of the nth charge pump stage 
322 is coupled to one terminal of an nth transfer capacitor Ctn, 
the other terminal of Which is coupled to a ground terminal. 
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[0023] FIG. 4 illustrates clock signal Waveforms for the 
clock signals (D1, (D2, (D3, (1)4 of the multi-stage charge pump 
300 of FIG. 3. The clock signals (D1, (D2, (D3, (D4 range 
betWeen a high level of VDD volts and a loW level of 0 volts, 
Where VDD is, for example, one volt. FIG. 4 illustrates and 
embodiment of the clock signals (D1, (D2 as oppositely phased 
square Wave signals. Clock signal (D3 is set to a high level 
after clock signal (D2 goes to a high level. Clock signal (D3 
goes to a loW level before clock signal (D2 goes to a loW level. 
Clock signal (D4 is set to a high level after clock signal (D1 
goes to a high level. Clock signal (D4 goes to a loW level before 
clock signal (D1 goes to a loW level. 
[0024] At the beginning of operation, all nodes of the pump 
stages of multi-stage charge pump 300 of FIG. 3 are initially 
set to VDD volts. The design of the pump stages, typically 
illustrated in FIG. 2, permits VDD to be at a predetermined 
level, such as, for example, one volt, Without a loss of charge 
pumping ef?ciency. 
[0025] With reference to FIGS. 2, 3, and 4, When the (D1 
clock signal ?rst goes high to the VDD voltage level, the input 
node 202 is set to 2VDD because of the VDD voltage applied 
by clock signal (D1 through the coupling capacitor Ct1. The 
transistors N2 and P2 refresh respective Vgn and Vgp at nodes 
208 and 21 6 during charge transfer from a previous stage. The 
intermediate voltage Vi remains at VDD so that the maximum 
voltage drop across the drain-source of the ?rst NPN transis 
tor N1 is VDD. Similarly, the maximum voltage drop across 
the ?rst PNP transistor P1 is VDD. After a delay, as indicted 
in FIG. 4, (D4 goes to the VDD voltage level so that voltage 
Vgn at the ?rst NMOS gate node of the ?rst NMOS transistor 
N1 rises from VDD to 2VDD because of the VDD voltage 
applied by the clock signal (D4 through the Cc1 coupling 
capacitor. The Vgp voltage at the ?rst PMOS gate node 216 
goes doWn to 0 volts because of the loW signal provided at the 
output terminal of the inverter 214. The V2 output voltage at 
the output node 212 goes to 0 volts because of the (D2 voltage 
being at 0 volts. Charge transfer occurs betWeen the 2 capaci 
tors Ct1 and Ct2 through the transistors N1 and P1. The 
voltage drop across each of the transistors N1 and P1 is 
limited to VDD. Consequently, loW voltage N1, N2, P1, P2 
devices are used in the design of this charge pump. 
[0026] Charge transfer or pumping occurs betWeen transfer 
capacitors Ct1 and Ct2. The clock signals (D1 and (D2 are 
oppositely phased to activate alternate charge pump stages. 
The boost clock signals (D3 and the boost clock signal (D4 are 
provided to alternately pump stages of the multi-stage charge 
pump 300 of FIG. 3 in order to boost the voltages on the gates 
of the ?rst NMOS transistor N1 and the ?rst PMOS transistor 
P1 to avoid voltage loss due to the threshold voltages of 
transistors N1 and P1. This circuit con?guration can use 
pump stages that have loW-voltage PMOS and NMOS 
devices that sustain only VDD voltage drops. The sources and 
bulks of each respective transistor N1, N2, P1, P2 are coupled 
together. 
[0027] For N stages in the multi-stage charge pump 300, the 
?nal level of the output signal Vout substantially approaches 
(N+l)VDD volts. FIG. 5 illustrates the result of a circuit 
simulation that provides Vout as a function of time for an 
embodiment of a multi-stage charge pump With 10 stages and 
a poWer supply of 1 volt. Good ef?ciency is obtained With 
Vout settling to 10.83 volts after initial startup. 
[0028] FIGS. 6 and 7 illustrate the steady-state input and 
intermediate voltages as functions of time for one charge 
pump stage of a multi-stage charge pump. FIG. 6 shoWs that 
the input voltage V1 ranges betWeen an approximate 4 volt 
level of the intermediate voltage V1 and an approximate 3 volt 
level. FIG. 7 shoWs that the output voltage V2 operates 
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betWeen the approximate 4 volt level of the intermediate 
voltage Vi and an approximate 5 volt level. The maximum 
voltages drops across the transistors N1, N2, P1, P2 is 
approximately one volt so that high breakdoWn voltage 
devices are not required. 

[0029] The high ef?ciency multi-stage charge pump of 
FIG. 3 has charge pump stages that are operable at loW VDD 
voltages of one volt or less using loW-voltage NMOS and 
PMOS devices. The maximum voltage drop across each of 
the tWo NMOS transistors and the tWo PMOS transistors is 
limited to VDD or the amplitude of the ?rst and second clock 
signals. Threshold voltages do not limit the gain per stage and 
loW breakdown voltage devices can be used. A maximum 
voltage drop across the NMOS and PMOS device of each 
stage is approximately VDD. 
[0030] The foregoing descriptions of speci?c embodiments 
of the present invention has been presented for purposes of 
illustration and description. They are not intended to be 
exhaustive or to limit the invention to the precise forms dis 
closed, and obviously many modi?cations and variations are 
possible in light of the above teaching. The embodiments 
Were chosen and described in order to best explain the prin 
ciples of the invention and its practical application, to thereby 
enable others skilled in the art to best utiliZe the invention and 
various embodiments With various modi?cations as are suited 
to the particular use contemplated. It is intended that the 
scope of the invention be de?ned by the claims appended 
hereto and their equivalents. 

What is claimed is: 

1. A charge pump stage, comprising: 
an NMOS section that includes: a ?rst NMOS transistor 

coupled betWeen an input node and an intermediate 
node, a second NMOS transistor coupled betWeen a ?rst 
NMOS gate of the ?rst NMOS transistor and the input 
node for refreshing a voltage at the ?rst NMOS gate of 
the ?rst NMOS transistor, the second NMOS transistor 
having a second NMOS gate coupled to the intermediate 
node, a ?rst transfer capacitor coupled betWeen the input 
node and a ?rst clock input terminal, the ?rst transfer 
capacitor con?gured to receive a ?rst clock input signal; 

a ?rst coupling capacitor coupled betWeen the ?rst NMOS 
gate of the ?rst NMOS transistor and a boost clock signal 
terminal, the ?rst coupling capacitor con?gured to 
receive a boost clock signal; 

a PMOS section that includes: a ?rst PMOS transistor 
coupled betWeen the intermediate node and an output 
node; a second PMOS transistor coupled betWeen a ?rst 
PMOS gate of the ?rst PMOS transistor and the output 
node for refreshing a voltage at the ?rst PMOS gate of 
the ?rst PMOS transistor, the second PMOS transistor 
having a second PMOS gate coupled to the intermediate 
node, a second transfer capacitor coupled betWeen the 
output node and a second inverted clock input terminal, 
the second transfer capacitor con?gured to receive an 
inverted ?rst clock signal; 

a second coupling capacitor coupled betWeen the ?rst 
PMOS gate of the ?rst PMOS transistor and an inverted 
boost clock signal terminal, the second coupling capaci 
tor con?gured to receive an inverted boost clock signal; 
and 

a stabiliZing capacitor coupled betWeen the intermediate 
node and a ground voltage reference. 
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2. The charge pump stage of claim 1 Wherein the boost 
clock signal is applied to the ?rst coupling capacitor While the 
?rst clock signal is active, and Wherein the inverted boost 
clock signal is applied to the second coupling capacitor While 
the inverted ?rst clock signal is active. 

3. The charge pump stage of claim 1 Wherein the ?rst clock 
input signal and the second clock input signals have opposite 
phases. 

4. The charge pump stage of claim 1 Wherein the ?rst clock 
input signal and the second clock input signal operate 
betWeen the ground voltage and a VDD supply voltage. 

5. The charge pump stage of claim 4 Wherein the maximum 
voltage difference across the ?rst NMOS transistor, the sec 
ond NMOS transistor, the ?rst PMOS transistor, and the 
second PMOS transistor is a VDD supply voltage. 

6. The charge pump stage of claim 1 Wherein the coupling 
capacitors are con?gured to provide respective boost voltages 
to the ?rst NMOS transistor and the ?rst PMOS transistor. 

7. A charge pump stage, comprising: 
an NMOS section that includes: a ?rst NMOS transistor 

coupled betWeen an input node and an intermediate 
node, a second NMOS transistor coupled betWeen a ?rst 
NMOS gate of the ?rst NMOS transistor and the input 
node for refreshing a voltage at the ?rst NMOS gate of 
the ?rst NMOS transistor, the second NMOS transistor 
having a second NMOS gate coupled to the intermediate 
node, and a ?rst transfer capacitor that is coupled 
betWeen the input node and a ?rst clock input terminal, 
the ?rst transfer capacitor being con?gured to receive a 
?rst clock input signal While the ?rst clock input signal 
is active; 

an PMOS section that includes: a ?rst PMOS transistor 
coupled betWeen the intermediate node and an output 
node, a second PMOS transistor coupled betWeen a ?rst 
PMOS gate of the ?rst PMOS transistor and the output 
node, the second PMOS transistor a second PMOS gate 
coupled to the intermediate node for refreshing a voltage 
at the ?rst PMOS gate of the ?rst PMOS transistor; 

a second transfer capacitor that is coupled betWeen the 
output node and a second clock input terminal, the sec 
ond transfer capacitor being con?gured to receive a sec 
ond clock input signal While the second clock signal is 
active; 

a stabilizing capacitor coupled betWeen the intermediate 
node and a ground voltage reference terminal; and 

Wherein a maximum voltage difference across the ?rst 
NMOS transistor, the second NMOS transistor, the ?rst 
PMOS transistor, and the second PMOS transistor is a 
VDD supply voltage. 

8. The charge pump stage of claim 7 further comprising the 
stabiliZing capacitor coupled betWeen the intermediate node 
and a ground voltage reference terminal. 

9. The charge pump stage of claim 7 Wherein the coupling 
capacitors provide respective boost voltages to the gates of 
the ?rst NMOS transistor and the ?rst PMOS transistor such 
that the transistors that have minimal voltage transfer degra 
dation. 
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10. A multi-stage charge pump, comprising: 
a plurality of charge pump stages connected in series, each 

charge pump stage including: 
an NMOS section, including: a ?rst NMOS transistor 

coupled betWeen an input node and an intermediate 
node, a second NMOS transistor coupled betWeen a ?rst 
NMOS gate of the ?rst NMOS transistor and the input 
node, the second NMOS transistor having a second 
NMOS gate coupled to the intermediate node; 

a ?rst transfer capacitor coupled betWeen the input node 
and a ?rst clock input terminal, the ?rst transfer capaci 
tor con?gured to receive a ?rst clock input signal; 

a ?rst coupling capacitor coupled betWeen the ?rst NMOS 
gate of the ?rst NMOS transistor and a boost clock input 
terminal, the ?rst coupling capacitor con?gured to 
receive a boost clock signal; 

a PMOS section, including: a ?rst PMOS transistor 
coupled betWeen the intermediate node and an output 
node, a second PMOS transistor coupled betWeen a ?rst 
PMOS gate of the ?rst PMOS transistor and the output 
node, the second PMOS transistor having a second 
PMOS gate coupled to the intermediate node; 

a stabiliZing capacitor coupled betWeen the intermediate 
node and a ground voltage reference terminal; 

a second transfer capacitor coupled betWeen the output 
node and a second inverted clock input terminal, the 
second transfer capacitor con?gured to receive an 
inverted ?rst clock signal; 

a second coupling capacitor coupled betWeen the ?rst 
PMOS gate of the ?rst PMOS transistor, the second 
coupling capacitor having an inverted boost clock input 
terminal con?gured to receive an inverted boost clock 
signal; 

Wherein the ?rst clock input signal and a second clock input 
signal have opposite phases and operate betWeen aVDD 
supply voltage and a ground reference voltage; and 

Wherein a maximum voltage drop across the ?rst NMOS 
transistor, the second NMOS transistor, the ?rst PMOS 
transistor, and the second PMOS transistor is VDD. 

11. The multi-stage charge pump stage of claim 10 Wherein 
the boost clock signal is applied to the ?rst coupling capacitor 
While the ?rst clock input signal is active and Wherein the 
inverted boost clock signal is applied to the second coupling 
capacitor While the second clock input signal is active. 

12. The multi-stage charge pump of claim 10 Wherein the 
?rst clock input signal and the second clock input signals have 
opposite phases. 

13. The multi-stage charge pump of claim 11 including a 
stabiliZing capacitor coupled betWeen the intermediate node 
and a ground reference terminal. 

14. The multi-stage charge pump of claim 11 Wherein the 
coupling capacitors provide respective boost voltages to the 
?rst NMOS transistor and the ?rst PMOS transistor such that 
no voltage degradation occurs due to threshold voltages of the 
?rst NMOS transistor and the ?rst PMOS transistor. 

* * * * * 


