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Fig.1 (Prior Art) 
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CHARGE PUMP CIRCUIT WITH BYPASS 
TRANSISTOR 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to a voltage conversion cir 
cuit, and more particularly, to a voltage conversion circuit 
including a charge pump circuit for boosting an input 
voltage. 
[0002] There is a practice in the prior art that Whenever a 
semiconductor memory, such as a DRAM, is not in use, an 
external supply voltage Which has a loWer than normal level 
is provided to the semiconductor memory, thus sWitching the 
voltage supply to a loW voltage mode. In the loW voltage 
mode, an external supply voltage of a level Which is suf? 
cient to enable a refresh operation for maintaining stored 
information is used, thus reducing the poWer dissipation of 
the semiconductor memory. 

[0003] A semiconductor memory is generally provided 
With a voltage conversion circuit Which boosts an external 
supply voltage to supply various internal circuits With a 
boosted voltage or voltages. For example, such a voltage 
conversion circuit boosts an external supply voltage of 3.3 
volts, Which is supplied during a normal voltage mode, to a 
voltage range from 4.5 to 4.8 volts or boosts an external 
supply voltage of 2.0 volts, Which is supplied during a loW 
voltage mode, to a voltage range from 3.5 to 3.8 volts. 

[0004] A conventional charge pump circuit 100 as shoWn 
in FIG. 1 is extensively employed as a voltage conversion 
circuit. 

[0005] Referring to FIG. 1, the charge pump circuit 100 
comprises ?rst and second booster stages 1, 2, ?rst and 
second inverter circuits 3, 4, ?rst, second and third gate 
transistors T1, T2, T3 and a stabilizing capacitive element 
CO. The ?rst booster stage 1 is connected to an external 
supply voltage Vcc via the ?rst gate transistor T1 Which is 
formed by an NMOS transistor. The second transistor T2 
Which is formed by a PMOS transistor is connected betWeen 
the ?rst booster stage 1 and the second booster stage 2. The 
second booster stage 2 is connected to an internal bus Which 
supplies a voltage Vout to various circuits via the third gate 
transistor T3 formed by a PMOS transistor. 

[0006] The ?rst booster stage 1 comprises a ?rst capacitive 
element C1 Which has a ?rst terminal connected to the 
source terminals of the ?rst and second gate transistors T1, 
T2 and a second terminal connected to the output terminal 
of the ?rst inverter circuit 3 Which is formed by a CMOS 
transistor. The second booster stage 2 comprises a second 
capacitive element C2 Which has a ?rst terminal connected 
to the drain terminal of the second gate transistor T2 and to 
the source terminal of the third gate transistor T3 and Which 
also has a second terminal connected to the output terminal 
of the second inverter circuit 4 Which is formed by a CMOS 
transistor. The stabiliZing capacitive element CO has a ?rst 
terminal connected to the internal bus and a second terminal 
connected to ground, but Which may alternatively be con 
nected to the external supply voltage Vcc. 

[0007] When the ?rst inverter circuit 3 delivers an L level 
(0 volt) signal, the ?rst capacitive element C1 is charged in 
response to the turn-on of the ?rst gate transistor T1 and the 
turn-off of the second gate transistor T2. The potential at the 
?rst terminal of the capacitive element C1 then rises to the 
external supply voltage Vcc. 
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[0008] Subsequently When the ?rst inverter circuit 3 deliv 
ers an H level (positive a volt) signal When the ?rst gate 
transistor T1 is off, the potential at the ?rst terminal of the 
?rst capacitive element C1 rises to a primary boosted 
voltage V1 Which is equal to Vcc+ot, Where “0t” represents 
the external supply voltage Vcc. Thus, the ?rst inverter 
circuit 3 operates on the external supply voltage Vcc, Which 
is then supplied as an H level signal to the ?rst capacitive 
element C1. 

[0009] When the second inverter circuit 4 delivers an L 
level signal When the third gate transistor T3 is off, the 
second capacitive element C2 is charged in response to the 
turn-on of the second gate transistor T2, and the potential at 
the ?rst terminal of the capacitive element C2 rises to the 
primary boosted voltage V1 Which is equal to Vcc+ot. 

[0010] Subsequently, When the second inverter circuit 4 
delivers an H level (positive 0t) signal When the second gate 
transistor T2 is off, the potential at the ?rst terminal of the 
second capacitive element C2 rises to a secondary boosted 
voltage V2 Which has the predetermined voltage 0t added to 
the primary boosted voltage or V1+ot=Vcc+2ot. The second 
inverter circuit 4 also operates on the external supply voltage 
Vcc, Which is then supplied as an H level signal to the 
second capacitive element C2. 

[0011] Subsequently, When the third gate transistor T3 is 
turned on, the secondary boosted voltage V2 Which has 
charged the second capacitive element C2 is supplied to 
various internal circuits as an internal bus voltage Vout. 
Thus, the charge pump circuit 100 produces the internal bus 
voltage Vout by boosting the external supply voltage Vcc by 
20.. By repeating the described boosting operation, the 
charge is stored across the stabiliZing capacitive element C0 
to raise the potential of the internal bus voltage source Vout. 

[0012] It is to be noted, hoWever, that the external supply 
voltage Vcc supplied to the charge pump circuit 100 has 
different levels betWeen the normal voltage mode and the 
loW voltage mode. The charge pump circuit 100 has a 
boosting efficiency Which changes greatly With a variation in 
the external supply voltage Vcc. The loWer the external 
supply voltage Vcc, the more rapidly the booster ef?ciency 
is degraded. Circuit parameters (capacitances of the ?rst and 
second capacitive elements C1, C2) of the charge pump 
circuit 100 are chosen on the basis of the loW voltage mode 
so that no dif?culty is caused by an insuf?cient booster 
ef?ciency Which prevails in the loW voltage mode. 

[0013] HoWever, When the circuit parameters of the charge 
pump circuit 100 are chosen on the basis of the loW voltage 
mode, an excessive booster capability results When the 
external supply voltage is high as in the normal voltage 
mode Which is assumed during a read/Write operation, 
causing an undesirable increase in the poWer dissipation. 

[0014] To reduce the poWer dissipation in the normal 
voltage mode, the second and third gate transistors T2, T3 
are turned on simultaneously after the ?rst booster stage 1 
has produced the primary boosted voltage V1, thus effecting 
a single stage booster pumping, Which means delivering the 
primary boosted voltage V1 as the internal bus voltage Vout, 
rather than boosting the primary boosted voltage in the 
second booster stage 2 While maintaining an output from the 
second inverter circuit 4 at its L level. In contrast to the 
single stage booster pumping, the term “tWo stage booster 
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pumping” refers to combining the booster operations in both 
the ?rst and second booster stages 1, 2 to deliver the 
secondary boosted voltage V2 as the internal bus voltage 
Vout. 

[0015] In the single stage booster pumping, the primary 
boosted voltage V1 produced by the ?rst booster stage 1 is 
delivered as the internal bus voltage Vout via the second and 
third gate transistors T2, T3. Thus, a How of the charge via 
the second and third gate transistors T2, T3 produces a 
voltage drop or a current drop therein, resulting in a decrease 
in the booster ef?ciency. More speci?cally, the second and 
third gate transistors T2, T3 are formed by PMOS transis 
tors, Which do not produce a voltage drop across their 
sources and drains in a dc. operation. HoWever, because the 
transistors T2, T3 are connected in series, they exhibit an 
increased effective channel length. This prevents the charge 
discharged from the ?rst capacitive elernent C1 in an ac. 
operation from being delivered in its entirety from the third 
gate transistor T3, causing a voltage drop or a reduction in 
the booster ef?ciency. The booster ef?ciency of the charge 
pump circuit 100 is also degraded by an unnecessary charg 
ing of the second capacitive elernent C2. The same is true in 
the case of an alternate form of single stage booster pumping 
in Which the ?rst booster stage 1 remains quiescent While the 
second booster stage 2 operates as a charge pump. 

[0016] In addition, it is essential that the circuit parameters 
of the charge pump circuit 100 be predeterrnined increased 
values in order to enhance the boost capability. HoWever, an 
increase in the capacitance of the ?rst and second capacitive 
elements lead to an increase in the chip area and a conse 
quent increase in the siZe of the semiconductor device and 
its cost. 

[0017] On the other hand, the charge pump circuit of the 
type described requires a determination of optimal circuit 
pararneters. Optirnal circuit parameters as Well as a timing to 
switch from the loW to the normal voltage mode or vise 
versa are determined from previous accurate measurements 
of various responses of the boosted voltages during each of 
the single stage and the tWo stage booster purnping control. 
This requires that tests be conducted to determine the 
response of the internal bus voltage Vout With respect to the 
external supply voltage Vcc during both the tWo stage and 
the single stage booster purnping operation. 

[0018] It is an object of the present invention to provide a 
voltage conversion circuit Which performs an ef?cient 
booster operation in accordance With the level of an external 
supply voltage. 

[0019] It is another objective of the present invention to 
provide a voltage conversion circuit Which facilitates the 
determination of optimal circuit pararneters. 

SUMMARY OF THE INVENTION 

[0020] To achieve the above objective, the present inven 
tion provides a charge pump circuit comprising: a plurality 
of voltage conversion stages connected betWeen an input 
supply and a supply output; a plurality of gate transistors, 
each connected betWeen respective voltage conversion 
stages, betWeen a ?rst stage of said voltage conversion 
stages and the input supply, or betWeen last stage of said 
voltage conversion stages and the supply output; and bypass 
transistor connected betWeen one of the input supply and the 
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supply output and one of said voltage conversion stages, the 
bypass transistor connected in parallel With at least one of 
said gate transistors. 

[0021] The present invention further provides a charge 
pump circuit comprising: a pair of charge purnps connected 
in parallel to each other betWeen an input supply and a 
supply output, Wherein each charge pump includes: a plu 
rality of voltage conversion stages connected betWeen the 
input supply and the supply output, a plurality of gate 
transistors, each connected betWeen respective voltage con 
version stages, betWeen a ?rst stage of said the voltage 
conversion stages and the input supply, or betWeen last stage 
of said voltage conversion stages and the supply output; and 
a bypass transistor connected betWeen one of the input 
supply and the supply output and one of said voltage 
conversion stages, the bypass transistor connected in parallel 
With at least one of said gate transistors. 

[0022] The present invention provides a method of driving 
a charge pump circuit having a plurality of voltage conver 
sion stages connected betWeen an input supply and a supply 
output, a plurality of gate transistors, each connected 
betWeen respective voltage conversion stages, betWeen a 
?rst stage of said voltage conversion stages and the input 
supply, or betWeen last stage of said voltage conversion 
stages and the supply output, and a bypass transistor con 
nected betWeen one of the input supply and the supply 
output and one of the voltage conversion stages, the bypass 
transistor connected in parallel With at least one of said gate 
transistors, the method comprising the steps of: operating all 
of the voltage conversion stages and the gate transistors in 
a predetermined sequence while maintaining the one or 
more bypass transistors off to cause all of the voltage 
conversion stages to convert the voltage of the input supply 
to a ?rst voltage for the supply output; and operating at least 
one of the voltage conversion stages, at least one of the gate 
transistors and at least one of the bypass transistors in a 
predetermined sequence to cause at least one of the voltage 
conversion stages to convert the voltage of the input supply 
to a second voltage for the supply output. 

[0023] The present invention further provides a voltage 
conversion circuit comprising: a charge pump circuit includ 
ing a plurality of voltage conversion stages connected 
betWeen an input supply and a supply output, a plurality of 
gate transistors, each connected betWeen respective voltage 
conversion stages, betWeen a ?rst stage of said voltage 
conversion stages and the input supply, or betWeen last stage 
of said voltage conversion stages and the supply output, and 
a bypass transistor connected betWeen one of the input 
supply and the supply output and one of said voltage 
conversion stages, the bypass transistor connected in parallel 
With at least one of said gate transistors; a drive circuit 
connected to the plurality of voltage conversion stages, the 
plurality of gate transistors and the one or more bypass 
transistors for controlling the plurality of voltage conversion 
stages, the plurality of gate transistors, and the one or more 
bypass transistors; and a mode sWitching circuit connected 
to the drive circuit for providing a mode signal to the drive 
circuit. 

[0024] Other aspects and advantages of the invention will 
become apparent from the folloWing description, taken in 
conjunction With the accompanying draWing, illustrating by 
Way of example the principles of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The invention, together With objects and advan 
tages thereof, may best be understood by reference to the 
following description of the presently preferred embodi 
ments together With the accompanying draWings in Which: 

[0026] FIG. 1 is a circuit diagram of a conventional 
charge pump circuit; 

[0027] FIG. 2 is a circuit diagram of a voltage conversion 
circuit according to a ?rst embodiment of the present 
invention; 
[0028] FIGS. 3(a) to 3(h) are Waveform diagrams illus 
trating the operation of the embodiment shoWn in FIG. 2 in 
a tWo stage booster pumping mode; 

[0029] FIGS. 4(a) to 4(h) are Waveform diagrams illus 
trating the operation of the embodiment shoWn in FIG. 2 in 
a single stage booster pumping mode; 

[0030] FIG. 5 is a circuit diagram of a mode sWitching 
circuit used in the voltage conversion circuit shoWn in FIG. 
2; 
[0031] FIG. 6 is a circuit diagram of a level shifter used 
in the voltage conversion circuit shoWn in FIG. 2; 

[0032] FIG. 7 is a graph shoWing internal supply voltage 
versus external supply voltage for the single stage and the 
tWo stage pumping operation; 

[0033] FIG. 8 is a circuit diagram of a charge pump circuit 
according to a second embodiment of the present invention; 

[0034] FIG. 9 is a circuit diagram of a charge pump circuit 
according to a third embodiment of the present invention; 
and 

[0035] FIG. 10 is a circuit diagram of a charge pump 
circuit according to a fourth embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0036] Referring to FIG. 2, a voltage conversion circuit 
110 according to a ?rst embodiment of the invention Will 
noW be described. The voltage conversion circuit 110 may 
provided Within a semiconductor device, such as synchro 
nous dynamic random access memory (SDRAM). 

[0037] As shoWn in FIG. 2, the voltage conversion circuit 
110 comprises a charge pump circuit 10, a drive circuit 21 
Which drives the charge pump circuit 10 and a mode 
sWitching circuit 60 connected to the drive circuit 21. 

[0038] The charge pump circuit 10 comprises ?rst and 
second booster stages 11, 12 Which are used for voltage 
conversion, ?rst, second and third gate transistors T11, T12 
and T13, and a bypass transistor TB. The ?rst booster stage 
11 is connected to a supply line Which supplies an external 
supply voltage Vcc via the ?rst gate transistor T11 Which is 
formed by an NMOS transistor. It should be noted that the 
external supply voltage Vcc has different levels, namely a 
normal voltage mode for When the SDRAM is in use and a 
loW voltage mode for When the SDRAM is not in use. 
Speci?cally, the external supply voltage Vcc during the 
normal voltage mode has a level Which is higher than the 
loW voltage mode level. 
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[0039] The ?rst and second booster stages 11, 12 are 
connected together via the second gate transistor T12 Which 
is formed by a PMOS transistor. The second booster stage 12 
is connected to an internal bus, not shoWn, Which supplies an 
internal supply voltage Vout to various circuits, not shoWn, 
via the third gate transistor T13 Which is formed by a PMOS 
transistor. A stabiliZing capacitive element C0 is connected 
to the internal bus for charging it With the charge supplied 
from the charge pump circuit 10. In the present embodiment, 
the voltage conversion circuit 110 receives the external 
supply voltage Vcc as an input voltage and produces the 
internal supply voltage Vout as a converted and boosted 
voltage. 

[0040] The ?rst booster stage 11 comprises a ?rst capaci 
tive element C11 having a ?rst terminal connected to the 
source terminals of the ?rst and second gate transistors T11, 
T12, and a second terminal connected to the drive circuit 21. 

[0041] The second booster stage 12 comprises a second 
capacitive element C12 having a ?rst terminal connected to 
the drain terminal of the second gate transistor T12 and a 
source terminal of the third gate transistor T13, and a second 
terminal connected to the drive circuit 21. 

[0042] The bypass transistor TB preferably comprises a 
PMOS transistor, and includes a source terminal connected 
to the source terminal of the second gate transistor T12 and 
a drain terminal connected to the drain terminal of the third 
gate transistor T13. The bypass transistor TB is turned on 
and off by the drive circuit 21 in a similar Way as the ?rst to 
the third gate transistors T11 to T13. 

[0043] Referring to FIGS. 3 and 4, the operation of the 
charge pump circuit 10 driven by the drive circuit 21 Will be 
described. The charge pump circuit 10 operates in both the 
loW voltage mode and the normal voltage mode. 

[0044] LoW Voltage Mode 

[0045] In the loW voltage mode, the charge pump circuit 
10 causes the ?rst and second booster stages 11, 12 to 
operate in a similar manner, thus achieving a so-called tWo 
stage booster pumping operation. During the tWo stage 
booster pumping operation, the bypass transistor TB is 
maintained off. 

[0046] A ?rst control signal S1 as shoWn in FIG. 3(a) is 
applied to the gate of the ?rst gate transistor T11, and a 
second control signal S2 is applied to the gate of the second 
gate transistor T12. As shoWn in FIG. 3(LD, the second 
control signal S2 is maintained at its L level for a predeter 
mined interval Within the period When the ?rst control signal 
S1 is at an L level. Athird control signal S3 is applied to the 
gate of the third gate transistor T13, and is maintained at its 
L level for a predetermined interval When both the ?rst and 
second control signals S1, S2 are at the H level, as shoWn in 
FIG. 3(g). Abypass control signal SB is applied to the gate 
of the bypass transistor TB and is normally at its H level, 
during the loW voltage mode or during the tWo stage 
pumping operation, as shoWn in FIG. 

[0047] The H level of the ?rst control signal S1 is deter 
mined in consideration of the threshold voltage Vth of the 
?rst gate transistor T11. Speci?cally, the H level of the ?rst 
control signal S1 is set to be equal to or above the sum of the 
external supply voltage Vcc and the threshold voltage Vth so 
that the ?rst terminal of the capacitive element C11 assumes 
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a potential Vi Which is equal to the external supply voltage 
Vcc. During the normal voltage mode, the H level of the ?rst 
control signal S1 is set in a similar manner as during the loW 
voltage rnode. 

[0048] On the other hand, the H levels of the second and 
third control signals S2, S3 and the bypass control signal SB 
are not equal to the external supply voltage Vcc, but are set 
up at the same level or voltage Vpp as the internal supply 
voltage Vout Which is obtained by the booster operation of 
the charge pump circuit 10. This is because it is required that 
the second and third control signals S2, S3 and the bypass 
control signal SB reliably turn the transistors T12, T13 and 
TB off. During the normal voltage mode, the H level of the 
second and third control signals S2, S3 and the bypass 
control signal SB is set up in the same manner as in the loW 
voltage rnode. 

[0049] The ?rst capacitive elernent C11 of the ?rst booster 
stage 11 receives a ?rst boosting signal SX1. As shoWn in 
FIG. 3(b), the ?rst boosting signal SX1 assumes an H level 
When the ?rst control signal S1 is at its L level and assumes 
an L level When the ?rst control signal S1 is at its H level. 
The second capacitive elernent C12 of the second booster 
stage 12 receives a second boosting signal SX2. As shoWn 
in FIG. 3(e), the second boosting signal SX2 assumes an H 
level When the ?rst boosting signal SX1 is at its L level, and 
assumes an L level When the ?rst boosting signal SX1 at its 
H level. 

[0050] When the ?rst gate transistor T11 is turned on in 
response to the ?rst control signal S1 having a high level, a 
charging operation of the ?rst capacitive elernent C11 begins 
in accordance With the external supply voltage Vcc. As 
shoWn in FIG. 3(c), the ?rst capacitive elernent C11 is 
charged until the potential V1 at its ?rst terrninal assumes 
the external supply voltage Vcc. 

[0051] When the potential V1 of the ?rst capacitive ele 
rnent C11 rises to the external voltage Vcc, the ?rst control 
signal S1 falls to its L level, Whereupon the ?rst boosting 
signal SX1 rises to its H level (positive 0t). In response to the 
?rst boosting signal SX1 having a high level, the potential 
V1 of the ?rst capacitive elernent C11 rises to a level 
(Vcc+ot) or to the external supply voltage Vcc plus the 
predetermined voltage a. Thus, the ?rst capacitive elernent 
C11 receives the ?rst boosting signal SX1 from an inverter 
circuit 54 described beloW. The inverter circuit 54 operates 
on the external supply voltage Vcc, Which is supplied as the 
?rst boosting signal SX1 having a high level to the ?rst 
capacitive elernent C11. 

[0052] The second gate transistor T12 is turned on in 
response to the second control signal S2 having a loW level. 
The second capacitive elernent C12 then begins to be 
charged, and the potential V2 at the ?rst terminal of the 
second capacitive elernent C12 rises to the potential V1 
(Vcc+ot) at the ?rst terminal of the ?rst capacitive elernent 
C11. 

[0053] When the second boosting signal SX2 rises to its H 
level (positive 0t) after the second gate transistor T12 is 
turned off, the potential V2 at the ?rst terminal of the second 
capacitive elernent C12 rises to a level of V1+ot=Vcc+2ot, or 
to the potential V1 of the ?rst capacitive elernent C11 to 
Which the predetermined voltage a is added. Thus, the 
second capacitive elernent C12 receives the second boosting 
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signal SX2 having a high level from an inverter circuit 59 
Which Will be described later. The inverter circuit 59 oper 
ates on the external supply voltage Vcc, Which is supplied as 
the second boosting signal SX2 having a high level to the 
second capacitive elernent C12. 

[0054] Finally, the third gate transistor T13 is turned on in 
response to the third control signal S3 having a loW level, 
and the voltage V2 (Vcc+2ot) obtained as a result of the 
charging of the second capacitive elernent C12 is provided 
to the various internal circuits as the internal supply voltage 
Vout. 

[0055] The charge pump circuit 10 operates to produce the 
internal supply voltage Vout formed by boosting the external 
supply voltage Vcc by an amount corresponding to 2a, and 
delivers the boosted internal supply voltage Vout by repeat 
ing the described booster operation. 

[0056] Normal Voltage Mode 

[0057] In this mode, the charge pump circuit 10 operates 
only the ?rst booster stage 11, or effects a so-called single 
stage booster purnping operation. During the single stage 
booster purnping operation, the second and third gate tran 
sistors T12, T13 are maintained off, and the bypass transistor 
TB is turned on and off. 

[0058] The ?rst control signal S1 Which is similar to that 
used during the tWo stage booster purnping operation as 
illustrated in FIG. 4(a) is applied to the gate of ?rst gate 
transistor T11. As shoWn in FIGS. 4(LD and FIG. 4(g), the 
second and third signals S2, S3 Which are applied to the 
second and third gate transistors T12, T13, respectively, are 
maintained at their H level. As shoWn in FIG. 4(h), the 
bypass control signal SB is maintained at its L level for a 
predetermined interval When the ?rst control signal S1 is at 
its L level. 

[0059] As shoWn in FIG. 4(b), the ?rst boosting signal 
SX1 operates the same as during the tWo stage booster 
purnping operation. As shoWn in FIG. 4(e), the second 
boosting signal SX2 is maintained at its L level (0 volt). 

[0060] When the ?rst gate transistor T11 is turned on in 
response to the ?rst control signal S1 having a high level, the 
?rst capacitive elernent C11 begins to be charged in accor 
dance With the external supply voltage Vcc and assumes a 
high level. The potential V1 at the ?rst terminal of the 
capacitive elernent C11 rises to the level of the external 
supply voltage Vcc. 

[0061] When the potential VI rises to the level of the 
external supply voltage Vcc, the ?rst control signal S1 then 
falls to its L level, Whereupon the ?rst boosting signal SX1 
rises to its H level (positive 0t). The potential V1 at the ?rst 
terminal of the ?rst capacitive elernent C11 rises to a level 
(Vcc+ot) or to the sum of the external supply voltage Vcc 
and the predetermined voltage a in response to the ?rst 
boosting signal SX1 having a high level. 

[0062] Subsequently, When the bypass control signal SB 
falls to its L level for a predetermined interval, the bypass 
transistor TB is turned on, and the voltage VI (Which is equal 
to Vcc+ot), obtained by the charging of the ?rst capacitive 
elernent C11, is supplied to the various internal circuits as 
the internal voltage Vout. 

[0063] Thus, during the normal voltage mode, the charge 
pump circuit 10 produces the internal supply voltage Vout by 
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boosting the external supply voltage Vcc Which then 
assumes a high voltage level by an amount corresponding to 
a predetermined voltage 0t, and delivers the internal supply 
voltage Vout by repeating the described boosting operation. 

[0064] At this time, the primary boosted voltage V1 
(Which is equal to VCC+(X) produced by the ?rst booster stage 
11 is delivered as the internal supply voltage Vout via only 
one bypass transistor TB. As a consequence, a voltage drop 
or a current drop When the boosted voltage V1 is delivered 
is reduced in comparison to the prior art arrangement in 
Which the charge is transferred via a plurality of gate 
transistors, such as the second and third transistors T2, T3. 
Consequently, the ef?ciency of the charge pump circuit 10 is 
improved. 
[0065] Returning to FIG. 2, the drive circuit 21 Which 
produces the signals S1 to S3, SB, SX1 and SX2 to control 
the charge pump circuit 10 Will be described. 

[0066] The drive circuit 21 comprises an oscillating circuit 
22, a plurality of logical elements 23 to 59 and level shifters 
70 to 72. The oscillating circuit 22 delivers an oscillating 
pulse signal SG1 in the form of rectangular Waves having a 
predetermined period. The voltage conversion circuit 110 
includes a voltage detector circuit, not shoWn, Which detects 
the value of the internal supply voltage Vout. The oscillating 
circuit 22 ceases to oscillate the oscillating signal SG1 When 
the voltage detector circuit detects that the internal supply 
voltage Vout has exceeded a predetermined reference value 
in respective voltage mode. 

[0067] A ?rst NAND circuit 23 has a ?rst input Which is 
connected to the oscillating circuit 22 via an inverter circuit 
24, and a second terminal Which is connected to the oscil 
lating circuit 22 via ?ve inverter circuits 24 to 28. The 
oscillating pulse signal SG1 Which is inverted and delayed 
by the inverter circuit 24 is applied to the ?rst terminal of the 
?rst NAN D circuit 23 While the oscillating pulse signal SG1 
Which is inverted and delayed by the inverters 24 to 28 is 
applied to the second terminal of the ?rst NAND circuit 23. 
Thus, When the oscillating pulse signal SG1 rises from its L 
level to its H level, the ?rst NAND circuit 23 generates an 
H level signal. In response to the loW level of the oscillating 
pulse signal SG1, the ?rst NAN D circuit 23 delivers an 
output signal having a loW level Which is delayed by a delay 
time determined by the inverter circuits 25 to 28. The ?rst 
NAND circuit 23 has an output terminal Which is connected 
to the gate terminal of the ?rst gate transistor T11 via an 
inverter circuit 29 and a boosting capacitive element Ca. An 
output signal from the ?rst NAND circuit 23 is inverted by 
the inverter circuit 29, and the inverted signal is applied as 
the ?rst control signal S1 to the gate terminal of the ?rst gate 
transistor T11. Accordingly, the ?rst control signal S1 is 
substantially synchroniZed With the oscillating pulse signal 
SG1. 

[0068] Since the inverter circuit 29 operates on the exter 
nal supply voltage Vcc to deliver an H level signal, the 
capacitive element Ca boosts the output signal from the 
inverter circuit 29, thus applying the boosted output signal 
to the ?rst gate transistor T11. Accordingly, the potential or 
the H level of the ?rst control signal S1 is equal to or greater 
than the sum of the external supply voltage Vcc and the 
threshold voltage Vth of the ?rst gate transistor T11. 

[0069] A second NAND circuit 30 has a ?rst input termi 
nal Which is connected to the oscillating pulse signal SG1 
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via six inverter circuits 31 to 36, and a second input circuit 
connected to the oscillating pulse signal SG1 via the inverter 
circuits 31, 32. The oscillating pulse signal SG1 Which is 
delayed by the inverter circuits 31 to 36 is applied to the ?rst 
input terminal of the second NAND circuit 30 While the 
oscillating pulse signal SG1 Which is delayed by the inverter 
circuits 31, 32 is applied to the second terminal of the second 
NAND circuit 30. The second NAND circuit 30 delivers a 
signal SG2 having a loW level having a delay time Which is 
determined by the inverter circuits 33 to 36 in response to 
the high level of the oscillating pulse signal SG1. The second 
NAND circuit 30 also delivers a signal SG2 having a high 
level having a delay time Which is determined by the inverter 
circuits 31, 32 in response to the loW level of the oscillating 
pulse signal SG1. 

[0070] A ?rst NOR circuit 37 has a ?rst input terminal 
Which is connected to a series of inverter circuit 38 to 40, 
and a second input terminal connected to the output terminal 
of the ?rst NAN D circuit 30. A signal SG2 from the second 
NAND circuit 30 is applied to the second input terminal of 
the ?rst NOR circuit 37, While a mode signal SGM from a 
mode sWitching circuit 60 is applied to the ?rst terminal of 
the ?rst NOR circuit 37 via the inverter circuit 38 to 40. An 
inverter circuit 41 and a level shifter 70 are connected in 
series betWeen the ?rst NOR circuit 37 and the gate of the 
second gate transistor T12. The mode sWitching circuit 60 
delivers a mode signal SGM having a high level during the 
loW voltage mode or during the tWo stage booster pumping 
operation and delivers a mode signal SGM having a loW 
level during the normal voltage mode or during a single 
stage booster pumping operation. During the loW voltage 
mode, the ?rst NOR circuit receives the mode signal SGM 
having a loW level and the signal SG2, and delivers an 
inverted signal SG2 to the inverter circuit 41. During the 
normal voltage mode, the ?rst NOR circuit 37 receives the 
mode signal SGM having a high level, and delivers an L 
level signal to the inverter circuit 41 independent of the level 
of the signal SG2. 

[0071] The inverter circuit 41 receives the signal from the 
?rst NOR circuit 37, and inverts such signal before deliv 
ering the inverted signal to the level shifter 70. The level 
shifter 70 converts the level of the inverted signal from the 
inverter 41, and produces and applies the second control 
signal S2, Which is in phase With the inverted signal from the 
inverter circuit 41, to the gate of the second gate transistor 
T12. More speci?cally, upon receiving an H level signal, the 
level shifter 70 converts the H level signal into a voltage Vpp 
having substantially the same level as the internal supply 
voltage Vout, thus producing the second control signal S2. 

[0072] Accordingly, during the tWo stage booster pumping 
operation, the level shifter 70 applies the second control 
signal S2 Which is in phase With the signal SG2 from the 
second NAND circuit 30 to the gate of the second gate 
transistor T12. Thus, the second control signal S2 falls to its 
L level With a predetermined delay time With respect to the 
timing When the ?rst control signal S1 falls. On the other 
hand, the second control signal S2 rises to its H level by a 
predetermined time interval earlier than the ?rst control 
signal S1 rises to its H level. During the single stage booster 
pumping operation, the second control signal S2 is main 
tained at its H level While the second gate transistor T12 is 
maintained off. 
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[0073] A second NOR circuit 42 has a ?rst input terminal 
Which is connected to the ?rst input terminal of the ?rst 
NOR circuit 37 via an inverter circuit 43, thus receiving the 
mode signal SGM from the mode sWitching circuit 60 via 
four inverters 38 to 40 and 43. The second NOR circuit 42 
also has a second input terminal Which is connected to the 
output terminal of the second NAND circuit 30 to receive 
the signal SG2 from the second NAND circuit 30. An 
inverter circuit 44 and a level shifter 71 are connected in 
series betWeen the output terminal of the second NOR 
circuit 42 and the gate of the bypass transistor TB. During 
the single stage booster purnping operation, an L level signal 
is applied to the ?rst input terminal While the signal SG2 is 
applied to the second input terminal of the second NOR 
circuit 42, thus providing the inversion of the signal SG2 to 
the inverter circuit 44. On the other hand, during the tWo 
stage booster purnping operation, an H level signal is applied 
to the ?rst input terminal of the second NOR circuit 42, and 
an L level signal is supplied from the second NOR circuit 42 
to the inverter circuit 44 independently from the level of the 
output signal SG2. 

[0074] The level shifter 71 converts the level of the 
inverted signal from the inverter circuit 44, and delivers a 
bypass control signal SB Which is in phase With the inverted 
signal from the inverter circuit 44 to the bypass transistor 
TB. Upon receiving an H level signal from the inverter 
circuit 44, the level shifter 71 converts the H level voltage 
into a voltage Vpp of substantially the same level as the 
internal supply voltage Vout. 

[0075] Accordingly, during the single stage booster purnp 
ing operation, the level shifter 71 applies the bypass control 
signal SB Which is in phase With the signal SG2 from the 
second NAND circuit 30 to the gate of the bypass transistor 
TB. In other Words, the bypass control signal SB falls to its 
L level With a predetermined delay time after the ?rst control 
signal S1 has fallen to its L level, but rises to its H level by 
a predetermined time interval earlier than the ?rst control 
signal S1 rises to its H level. HoWever, during the tWo stage 
booster purnping operation, the bypass control signal SB is 
maintained at its H level, Whereby the bypass transistor TB 
is maintained off. 

[0076] A third NAND circuit 45 has a ?rst input terminal 
connected to the output of the inverter circuit 33, and a 
second input terminal connected to the output terminal of an 
inverter circuit 46. An oscillating pulse signal SG1 having a 
delay time Which is determined by the inverter circuits 31 to 
33 is applied to the ?rst input terminal of the third NAND 
circuit 45 While an oscillating pulse signal SG1 having a 
delay time Which is determined by the inverter circuits 31 to 
36 and 46 is applied to the second input terminal of the third 
NAND circuit 45. In response to the rising edge of the 
oscillating pulse signal SG1, the third NAND circuit 45 
delivers a signal SG3 having a high level With a time delay 
Which is determined by the inverter circuits 31 to 33. In 
response to the falling edge of the oscillating pulse signal 
SG1, the third NAND circuit 45 delivers a signal SG3 
having a loW level With a time delay Which is determined by 
the inverter circuit 34 to 36 and 46. 

[0077] A fourth NAN D circuit 47 has a ?rst input terminal 
connected to the output terminal of the inverter circuit 43, a 
second input terminal connected to the output terminal of the 
third NAND circuit 45, and an output terminal connected to 
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the third gate transistor T13 via a level shifter 72. The mode 
signal SGM from the mode sWitching circuit 60 is applied to 
the ?rst input terminal of the fourth NAN D circuit 47 via the 
inverter circuits 38 to 40 and 43 While the signal SG3 is 
applied from the third NAND circuit 45 to the second input 
terminal of the fourth NAND circuit 47. 

[0078] In the loW voltage rnode, an H level signal is 
applied to the ?rst input terminal of the fourth NAN D circuit 
47, such that an inversion of the signal SG3 is supplied to the 
level shifter 72. In the normal voltage rnode, an L level 
signal is applied to the ?rst input terminal of the fourth 
NAND circuit 47, and an H level signal is alWays supplied 
to the level shifter 72 independent of the level of the signal 
SG3. 

[0079] The level shifter 72 translates the level of the signal 
from the fourth NAND circuit 47, thus supplying the third 
control signal S3 Which is in phase With the signal from the 
fourth NAND circuit 47 to the gate of the third gate 
transistor T13. Speci?cally, upon receiving an H level sig 
nal, the level shifter 72 converts a voltage having the H level 
into a voltage Vpp of substantially the same level as the 
internal supply voltage Vout. 
[0080] Accordingly, during the tWo stage booster purnping 
operation, the level shifter 72 delivers the third control 
signal S3 Which is in phase With the signal SG3 from the 
third NAND circuit 45 to the third gate transistor T13. The 
third control signal S3 falls With a predetermined delay time 
after the second control signal S2 rises, and rises to its H 
level by a predetermined time interval earlier than the falling 
edge of the ?rst control signal S1 Which falls earlier than the 
second control signal S2. On the other hand, during the 
single stage booster purnping operation, the third control 
signal S3 is maintained at its H level, and the third gate 
transistor T13 is maintained off. 

[0081] The oscillating circuit 22 is connected to the ?rst 
capacitive elernent C11 of the ?rst booster stage 11 via siX 
inverter circuits 24 and 50 to 54. The oscillating pulse signal 
SG1 from the oscillating circuit 22 is supplied to the ?rst 
capacitive elernent C11 via the inverter circuits 22 and 50 to 
54. A signal from the last inverter circuit 54 is applied as the 
?rst boosting signal SX1 to the ?rst capacitive elernent C11. 
Accordingly, the ?rst boosting signal S1 from the inverter 
circuit 54 is in phase With the oscillating pulse signal SG1. 
On the other hand, the ?rst boosting signal SX1 falls as the 
?rst control signal S1 rises and rises as the ?rst control signal 
S1 falls. 

[0082] A ?fth NAND circuit 55 has a ?rst input terminal 
connected to the output terminal of the inverter circuit 50 via 
an inverter circuit 56, a second input terminal Which is 
connected to the mode sWitching circuit 60, and an output 
terminal Which is connected to the second capacitive ele 
rnent C12 via these inverter circuits 57, 58 and 59. The 
oscillating pulse signal SG1 is applied to the ?rst input 
terminal of the ?fth NAN D circuit 55 via the inverter circuits 
24, 50 and 56 and the mode signal SGM from the mode 
sWitching circuit 60 is applied to the second input terminal 
of the ?fth NAND circuit 55. During the tWo stage booster 
purnping operation, the ?fth NAND circuit 55 delivers a 
signal Which is in phase With the oscillating pulse signal SG1 
While during the single stage booster purnping operation, it 
alWays delivers an H level signal. 

[0083] Asignal from the ?fth NAN D circuit 55 is supplied 
to the second capacitive elernent C12 of the second booster 
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stage 12 via the three inverter circuits 57 to 59. The second 
capacitive element C12 receives the signal from the last 
stage inverter 59 as the second booster signal SX2. 

[0084] During the tWo stage booster pumping operation, 
the second boosting signal SX2 from the inverter circuit 59 
is 180 degrees out of phase With the oscillating pulse SG1, 
and is in phase With the ?rst control signal S1. Thus, as the 
?rst boosting signal SX1 rises, the second boosting signal 
SX2 falls, and as the ?rst boosting signal SX falls, the 
second boosting signal SX2 rises. On the other hand, during 
the single stage boosting operation, the inverter circuit 59 
alWays delivers the second boosting signal SX2 having a 
loW level. 

[0085] Referring to FIG. 5, the mode sWitching circuit 60 
Will be described more speci?cally. 

[0086] The mode sWitching circuit 60 comprises an exclu 
sive OR circuit 61, ?rst and second transfer gates 62, 63 and 
?ve inverter circuits 64, 65, 66, 67 and 68. The mode 
sWitching circuit 60 sets the level of the mode signal SGM 
in accordance With a mode sWitching signal STTG during a 
normal operation. During a test, the mode sWitching circuit 
60 nulli?es the mode sWitching signal STTG and sets up the 
level of the mode sWitching signal SGM in accordance With 
a ?rst test mode signal TES1. 

[0087] The exclusive OR circuit 61 receives ?rst and 
second test mode signals TES1, TES2 from an internal 
circuit, not shoWn. The SDRAM receives a variety of test 
mode signals from an external unit, not shoWn. When the 
SDRAM receives a test mode signal Which is used to test the 
charge pump circuit 10, an internal circuit Within the 
SDRAM determines the test mode signal to deliver the ?rst 
and second test mode signals TES1, TES2. 

[0088] During the normal operation of the charge pump 
circuit 10, it operates in the single stage or the tWo stage 
booster pumping operation in accordance With the level of 
the external supply voltage Vcc or depending on Whether it 
is in the normal voltage mode or the loW voltage mode. In 
contrast, during the test of the charge pump circuit 10, it 
operates in either the single stage or the tWo stage booster 
pumping operation independent of the level of the external 
supply voltage Vcc. 

[0089] When the charge pump circuit 10 operates in the 
single stage booster pumping mode, independent of the level 
of the external supply voltage Vcc (hereafter referred to as 
“?xed single stage booster pumping operation”), the ?rst test 
mode signal TES1 is set to its H level While the second test 
mode signal TES2 is set to its L level. When the charge 
pump circuit 10 operates in the tWo stage booster pumping 
operation independent of the level of the external supply 
voltage Vcc (hereafter referred to as “?xed tWo stage booster 
pumping operation”), the ?rst test mode signal TES1 is set 
to its L level While the second test mode signal TES2 is set 
to its H level. 

[0090] When the charge pump circuit 10 operates either in 
the normal voltage mode or the loW voltage mode on the 
basis of the external supply voltage Vcc, both the ?rst and 
second test mode signals TES1, TES2 are set to a common 
level, such as either the H or the L level. 

[0091] Consequently, in the ?xed tWo stage or ?xed single 
stage booster pumping operation, the exclusive OR circuit 
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61 receives the ?rst and second test mode signals TES1, 
TES2 Which are of different levels, and delivers a signal 
SGX having a high level. When operating in either the 
normal voltage mode or the loW voltage mode on the basis 
of the external supply voltage Vcc, the exclusive OR circuit 
61 receives the ?rst and second test mode signals TES1, 
TES2 having a common level and delivers a signal SGX 
having a loW level. Thus, the exclusive OR circuit 61 
delivers the signal SGX having a high level during the test, 
and delivers the signal SGX having a loW level during an 
operation other than the test of the charge pump circuit 10. 

[0092] The ?rst transfer gate 62 is preferably formed by a 
combination of a PMOS transistor and an NMOS transistor, 
and has an input terminal at Which it receives the mode 
sWitching signal STTG and an output terminal connected to 
the inverter circuit 66. The PMOS transistor has its gate 
connected to the exclusive OR circuit 61 via the inverter 
circuit 64 to receive the signal SGX. The NMOS transistor 
has its gate connected to the exclusive OR circuit 61 via the 
inverter circuits 64 and 65, so that the gate receives the 
signal SGX. 

[0093] When the signal SGX is at its L level during the 
normal operation, the ?rst transfer gate 62 is turned on. The 
mode sWitching signal STTG produced by the internal 
circuit, not shoWn, is delivered via the ?rst transfer gate 62 
and the inverter circuits 66 to 68. The internal circuit detects 
the voltage level of the external supply voltage Vcc and 
produces the sWitching signal STTG having a level Which 
depends on the voltage level. The internal circuit produces 
the mode sWitching signal STTG having a high level When 
the external supply voltage Vcc assumes a high level (as in 
the normal voltage mode and operating in the single stage 
booster pumping mode), and produces the mode sWitching 
signal STTG having a loW level When the external supply 
voltage Vcc assumes a loW level (as in the loW voltage mode 
and operating in the tWo stage booster pumping mode). 
Accordingly, the mode signal SGM is set to its H level When 
the mode sWitching signal STTG assumes an L level, and is 
set to its L level When the mode sWitching signal STTG 
assumes an H level. 

[0094] When the signal SGX is at its H level as during the 
test, the ?rst transfer gate 62 is turned off, Whereby the mode 
sWitching signal STTG cannot be delivered as the mode 
signal SGM. 

[0095] Preferably, the second transfer gate 63 is formed by 
a combination of a PMOS transistor and an NMOS transis 
tor. The PMOS transistor has its gate connected to the 
exclusive OR circuit 61 via the inverter circuits 64 and 65 
and receives the signal SGX. The NMOS transistor has its 
gate connected to the OR circuit 61 via the inverter circuit 
64 and receives the signal SGX. The second transfer gate 63 
has an input terminal at Which it receives the ?rst test mode 
signal TES1, and an output terminal connected to the 
inverter circuit 66. 

[0096] When the output signal SGX is at its H level 
(during the test), the second transfer gate 63 is turned on and 
the ?rst test mode signal TES1 is delivered as the mode 
signal SGM via the second transfer gate 63 and the inverter 
circuits 66 to 68. 

[0097] Accordingly, the mode signal SGM is set to its L 
level When the ?rst test mode signal TES1 assumes an H 
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level, and is set to its H level When the ?rst test mode signal 
TES1 assumes an L level. In other Words, When the ?rst test 
mode signal TES1 is at its H level and the mode signal SGM 
is at its L level, the charge pump circuit 10 operates in the 
?xed, single stage booster pumping mode. In contrast, When 
the ?rst test mode signal TES1 is at its L level and the mode 
signal SGM at its H level, the charge pump circuit 10 
operates in the ?xed, tWo stage booster purnping rnode. 

[0098] When the output signal SGX is at its L level 
(during the normal operation), the second transfer gate 63 is 
turned off, so the ?rst test mode signal TES1 cannot be 
delivered as the mode signal SGM. 

[0099] Referring to FIG. 6, the level shifters 70, 71 and 72 
Will be described. Because the level shifters 70, 71 and 72 
have identical circuit arrangernents, only the level shifter 70 
Will be described. 

[0100] The level shifter 70 comprises a pair of PMOS 
transistors T21, T22, a pair of NMOS transistor T23, T24 
and three inverter circuits 75, 76 and 77. 

[0101] The PMOS transistor T21 has a source terminal 
connected to a bus Which supplies the voltage Vpp, a drain 
terrninal connected to the gate terminal of the PMOS tran 
sistor T22 and a gate terrninal connected to a drain terminal 
of the PMOS transistor T22. The drain terminal of the 
PMOS transistor T21 is connected to the second gate tran 
sistor T12 (see FIG. 2), and the PMOS transistor T21 
supplies the second control signal S2 to the second gate 
transistor T12. The PMOS transistor T22 has a source 
terminal connected to the bus Which supplies the voltage 
Vpp. 

[0102] The NMOS transistor T23 has a drain terrninal 
connected to the drain terminal of the PMOS transistor T22, 
a source terminal connected to the ground and a gate 
terrninal connected to the inverter circuit 75. A signal from 
the inverter circuit 40 (see FIG. 2) is applied to the gate of 
the NMOS transistor T23 via the inverter circuit 75. The 
NMOS transistor T24 has drain terrninal connected to the 
drain terminal of the PMOS transistor T22, a source terminal 
connected to the ground and a gate terrninal connected to the 
inverter circuits 76, 77. A signal from the inverter circuit 41 
(see FIG. 2) is applied to the gate of the NMOS transistor 
T24 via the inverter circuits 76, 77. 

[0103] The voltage Vpp is produced on the basis of the 
internal supply voltage Vout Which is internally produced by 
the charge pump circuit 10, and is substantially identical 
With the internal supply voltage Vout. 

[0104] When an H level signal Which has substantially the 
same level as the eXternal supply voltage Vcc is delivered 
from the inverter circuit 41, the NMOS transistor T23 is 
turned off While the NMOS transistor T24 is turned on. This 
alloWs the PMOS transistor T21 to be turned on and the 
PMOS transistor T22 to be turned off. Accordingly, the drain 
terminal of the PMOS transistor T21 assumes the level of the 
voltage Vpp. In other Words, the H level of the second 
control signal S2 is equal to the voltage Vcc. 

[0105] It Will be noted that When an L level signal is 
delivered from the inverter circuit 41, the NMOS transistor 
T23 is turned on While the NMOS transistor T24 is turned 
off. This alloWs the PMOS transistor T21 to be turned off and 
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the PMOS transistor T22 to be turned on. Accordingly, the 
potential at the drain terminal of the PMOS transistor T21 is 
substantially equal to Zero. 

[0106] The operation of the voltage conversion circuit 110 
Will noW be described With reference to FIG. 2. 

[0107] LoW Voltage Mode 

[0108] The mode sWitching circuit 60 receives the ?rst and 
second mode signals TES1, TES2 Which have substantially 
the same level, either H or L level, and the mode sWitching 
signal STTG having a loW level, and generates the mode 
signal SGM having a high level. An H level signal is 
supplied to the fourth and ?fth NAND circuits 47, 55 While 
an L level signal is supplied to the NOR circuit 37. An H 
level signal is supplied to the NOR circuit 40. 

[0109] Accordingly, the drive circuit 21 produces the ?rst 
to third control signals S1 to S3 and the ?rst and second 
boosting signals SX1, SX2 in accordance With the oscillat 
ing pulse signal SG1 While alWays producing the fourth 
control signal S4 having a loW level. The ?rst to third control 
signals S1 to S3 and the ?rst and second boosting signals 
SX1, SX2 are applied to the ?rst to third gate transistors T11 
to T13 and the ?rst and second booster stages 11, 12, 
respectively, at tirnings shoWn in FIG. 3. At this time, the 
bypass transistor TB is maintained off. 

[0110] Accordingly, the charge pump circuit 10 performs 
the tWo stage booster purnping operation in accordance With 
the ?rst to the third control signal S1 to S3 and the ?rst and 
second boosting signals SX1, SX2, thus boosting the supply 
voltage Vcc having a loW level via the tWo stage booster 
purnping operation to produce the internal supply voltage 
Vout. 

[0111] Normal Voltage Mode 

[0112] The mode sWitching circuit 60 receives the ?rst and 
second test mode signals TES1, TES2 Which are at substan 
tially the same level, either H or L level, and the mode 
sWitching signal STTG having a high level, and delivers the 
mode signal SGM having a loW level. An L level signal is 
supplied to the fourth and ?fth NAND circuits 47, 55, an H 
level signal is supplied to the NOR circuit 37 and an L level 
signal is supplied to the NOR circuit 42. 

[0113] Accordingly, the drive circuit 21 applies the ?rst 
control signal S1, the bypass control signal SB and the ?rst 
boosting signal SX1 to the ?rst gate transistor T11, the 
bypass transistor TB and the ?rst booster stage 11, respec 
tively, at tirnings determined by the oscillating pulse signal 
SG1 (see FIG. 4). In addition, the drive circuit 21 applies the 
second and third control signals S2, S3 having a high level 
and the second boosting signal SX2 having a loW level to the 
second and third gate transistors T12, T13 and the second 
booster stage 12, respectively. Consequently, the second and 
third gate transistors T12, T13 are maintained off, ceasing 
the pumping operation of the second booster stage 12. 

[0114] Accordingly, the charge pump circuit 10 performs 
the single stage booster purnping operation in accordance 
With the ?rst control signal S1, the bypass control signal SB 
and the ?rst boosting signal SX1, thus boosting the supply 
voltage Vcc having a high level via the single stage booster 
purnping operation to produce the internal supply voltage 
Vout. 
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[0115] Test mode: TWo Stage Pumping Operation Testing 
Mode 

[0116] The mode switching circuit 60 receives the ?rst test 
mode signal TES1 having a loW level and the second test 
mode signal TES2 having a high level and delivers the mode 
signal SGM having a high level. The mode signal SGM 
having a high level deliver from the mode sWitching circuit 
60 does not depend on the level of the mode sWitching signal 
STTG. 

[0117] An H level signal is supplied to the fourth and the 
?fth NAND circuit 47, 55, and an L level signal is supplied 
to the NOR circuit 37. An H level signal is supplied to the 
NOR circuit 42. As a consequence, the drive circuit 21 
applies the ?rst to the third control signal S1 to S3 and the 
?rst and second boosting signals SX1, SX2 to the ?rst to the 
third gate transistor T11 to T13 and the ?rst and second 
booster stages 11, 12, respectively, at timings indicated in 
FIG. 3, in a similar manner as in the loW voltage mode. The 
bypass transistor TB is maintained off. Accordingly, the 
charge pump circuit 10 performs the tWo stage booster 
pumping operation in accordance With the ?rst to the third 
control signals S1 to S3 and the ?rst and second boosting 
signals SX1, SX2. 

[0118] FIG. 7 shoWs characteristic curve PL2 indicating 
the internal supply voltage Vout relative to the external 
supply voltage Vcc in the tWo stage booster pumping 
operation. Speci?cally, the internal supply voltage Vout is 
determined While increasing the external supply voltage Vcc 
from to 0 volts to a high voltage. 

[0119] Test mode: Single Stage Pumping Operation Test 
ing Mode 

[0120] The mode sWitching circuit 60 receives the ?rst test 
mode signal TES1 having a high level and the second test 
mode signal TES2 having a loW level, and delivers the mode 
signal SGM having a loW level. At this time, the mode signal 
SGM having a loW level does not depend on the level of the 
mode sWitching signal STTG. 

[0121] The drive circuit 20 applies the ?rst control signal 
S1, the bypass control signal SB and the ?rst boosting signal 
SX1 to the ?rst gate transistor T11, the bypass transistor TB 
and the ?rst booster stage 11, respectively, at timings indi 
cated in FIG. 4, in the same manner as in the normal voltage 
mode. The second and third gate transistors T12, T13 are 
maintained off While the second booster stage ceases to 
operate. 

[0122] Thus, the charge pump circuit 10 performs the 
single stage booster pumping operation in accordance With 
the ?rst control signal S1, the bypass control signal SB and 
the ?rst boosting signal SX1. 

[0123] FIG. 7 shoWs characteristic curve PL1 represent 
ing the internal supply voltage Vout relative to the external 
supply voltage Vcc in the single stage booster pumping 
operation. Speci?cally, the internal supply voltage Vout is 
determined While increasing the external supply voltage Vcc 
from 0 volts to a high voltage. 

[0124] As described above, in the single stage booster 
pumping operation, the ?rst booster stage 11 performs a 
boosting operation While maintaining the second and third 
gate transistors T12, T13 off. The ?rst gate transistor T11 
and the bypass transistor TB are turned on and off, and the 
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voltage Which is boosted by charging the ?rst capacitive 
element C11 is delivered via the bypass transistor TB. In 
other Words, the charge on the ?rst capacitive element C11 
is passed via the bypass transistor TB to the internal bus. 

[0125] Accordingly, the charge Which is discharged can be 
increased in comparison to the prior art arrangement in 
Which the charge is discharged via a pair of gate transistors 
connected in series. Because no charging operation takes 
place With respect to the second capacitive element C12 and 
the booster efficiency is improved. 

[0126] When the external supply voltage Vcc is loW, the 
tWo stage booster pumping operation takes place and When 
the external supply voltage Vcc is high, the single stage 
booster pumping operation takes place. It Will be noted that 
With a conventional charge pump circuit, the booster ef? 
ciency decreases as the external supply voltage Vcc 
decreases. Since the charge pump circuit 10 of the present 
embodiment performs the tWo stage booster pumping opera 
tion When the external supply voltage is loW, it is a simple 
matter to produce an intended boosted voltage (or internal 
supply voltage Vout) from the loW external supply voltage 
Vcc Without increasing the capacitance of the capacitive 
element C11, C12. Because there is no need to increase the 
capacitance of the capacitive elements C11, C12, a chip area 
for the provision of the capacitive element C11, C12 can be 
reduced, alloWing a semiconductor device (such as 
SDRAM) to be scaled doWn. 

[0127] In addition to the loW voltage mode and the normal 
voltage mode, the mode switching circuit 60 alloWs an 
operation in the test mode Which takes place in accordance 
With the test mode signals TES1 and TES2. The charge 
pump circuit 10 normally performs either the tWo stage or 
single stage booster operation independent of the level of the 
external supply voltage Vcc. 

[0128] Accordingly, it is a simple matter to determine the 
boosted voltage (or the internal supply voltage Vout) relative 
to the input voltage (or the external supply voltage Vcc) to 
the charge pump circuit 10 for each of the single stage and 
the tWo stage booster pumping operation. Such determina 
tion is required for a circuit design of the charge pump 
circuit 10. It Will be noted that the mode sWitching circuit 60 
has a simple circuit arrangement Which includes only the 
exclusive OR circuit 61, the ?rst and second transfer gates 
62, 63 and the inverter circuits 64, 65 to enable the test 
mode. Accordingly, an increase in the chip is suppressed 
even if the test mode is incorporated. 

[0129] It should be apparent to those skilled in art that the 
present invention may be embodied in many other speci?c 
forms Without departing from the spirit or the scope of the 
invention. Particularly, it should be understood that the 
invention may be embodied in the folloWing forms: 

[0130] In addition to the single stage and the tWo stage 
booster pumping operation, the charge pump circuit 10 may 
be modi?ed to provide a three stage booster pump operation. 
As illustrated in FIG. 8, the charge pump circuit 10 may 
include a third booster stage 71 including a third capacitive 
element C13 and a fourth gate transistor T14 formed by a 
PMOS transistor. The bypass gate transistors TB1, TB2, 
formed by PMOS transistors, turn the ?rst and second 
booster stages on and off, alloWing one of the single stage to 
the three stage booster pumping operation to be performed 
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selectively. In this instance, either one of the bypass tran 
sistors TB1, TB2 may be omitted. Alternatively, four or 
more booster stages may be provided to enable a booster 
pumping operation utilizing four or more stages. 

[0131] In addition, a charge pump circuit 80 including a 
pair of charge pump circuits 10 connected in parallel may be 
provided as shoWn in FIG. 9. In the charge pump circuit 80, 
a pair of charge pump circuits 10 alternately deliver the 
internal supply voltage Vout. In this instance, the drive 
circuit 21 and the mode sWitching circuit 60 are provided 
separately for each of the charge pump circuits 10. The 
oscillating circuit 22 and the mode sWitching circuit 60 may 
be commonly used for both of the charge pump circuits 10. 
When the pair of charge pump circuits 10 alternately deliver 
the internal supply voltage Vout, the latter may contain a 
small ripple. In this instance, each charge pump circuit 10 
may include three or more booster stages. 

[0132] As shoWn in FIG. 10, the bypass transistor TB may 
be connected betWeen the second capacitive element C2 of 
the second booster stage 12 and a supply line supplying the 
external supply voltage Vcc. In this instance, When the 
single stage booster pumping operation takes place, the ?rst 
and second gate transistors T11, T12 are turned off, thus 
ceasing the booster operation by the ?rst capacitive element 
C11. The bypass transistor TB, the third gate transistor C13 
and the second capacitive element C12 are controlled in 
accordance With the bypass control signal SB, the third 
control signal S3 and the second boosting signal SX2, 
respectively. Again, a voltage drop is reduced, improving the 
voltage boosting ef?ciency. 
[0133] The external supply voltage Vcc may have a con 
stant level independent of the single stage or the tWo stage 
booster pumping operation. A signal Which selects the 
operation mode may be separately provided. 

[0134] The charge pump circuit 10 may use step-doWn 
stages instead of the booster stages 11, 12, 13. The charge 
pump circuit 10 may step doWn an input voltage as refer 
enced to as a substrate voltage, thus providing a voltage 
loWer than the substrate voltage or the negative voltage. 

[0135] In addition, the charge pump circuit 10 may be 
provided in a semiconductor device Which is separate from 
a semiconductor device in Which at least one of the drive 
circuit device 21 and the mode sWitching 60 is provided. 

[0136] The function to select the test mode may be 
removed from the mode sWitching circuit 60. For example, 
in the arrangement of FIG. 5, the exclusive OR circuit 61, 
the ?rst and second transfer gates 62, 63 and the inverter 
circuits 64, 65 Within the mode sWitching circuit 60 may be 
omitted. 

[0137] The present examples and the embodiments are to 
be considered as illustrative and not restrictive and the 
invention is not to be limited to the details given herein but 
may be modi?ed Within the scope and equivalence of the 
appended claims. 

What is claimed is: 

1. A charge pump circuit comprising: 

a plurality of voltage conversion stages connected 
betWeen an input supply and a supply output; 
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a plurality of gate transistors, each connected betWeen 
respective voltage conversion stages, betWeen a ?rst 
stage of said voltage conversion stages and the input 
supply, or betWeen last stage of said voltage conversion 
stages and the supply output; and 

a bypass transistor connected betWeen one of the input 
supply and the supply output and one of said voltage 
conversion stages, the bypass transistor connected in 
parallel With at least one of said gate transistors. 

2. The charge pump circuit according to claim 1, Wherein 
each of the voltage conversion stages comprises a capacitive 
element. 

3. The charge pump circuit according to claim 1, Wherein 
each of the voltage conversion stages includes a booster 
stage Which boosts the potential of the input supply. 

4. The charge pump circuit according to claim 1, Wherein 
the bypass transistors is connected betWeen a particular one 
of the voltage conversion stages and the supply output. 

5. The charge pump circuit according to claim 1, Wherein 
the plurality of voltage conversion stages includes three 
voltage conversion stages, and Wherein the bypass transistor 
includes tWo bypass transistors, a ?rst one of the bypass 
transistors being connected betWeen a ?rst voltage conver 
sion stage and the supply output, and a second one of the 
bypass transistors being connected betWeen another voltage 
conversion stage and the supply output. 

6. A charge pump circuit comprising: 

a pair of charge pumps connected in parallel to each other 
betWeen an input supply and a supply output, Wherein 
each charge pump includes: 

a plurality of voltage conversion stages connected 
betWeen the input supply and the supply output, a 
plurality of gate transistors, each connected betWeen 
respective voltage conversion stages, betWeen a ?rst 
stage of said the voltage conversion stages and the 
input supply, or betWeen last stage of said voltage 
conversion stages and the supply output; and 

a bypass transistor connected betWeen one of the input 
supply and the supply output and one of said voltage 
conversion stages, the bypass transistor connected in 
parallel With at least one of said gate transistors. 

7. A method of driving a charge pump circuit having 

a plurality of voltage conversion stages connected 
betWeen an input supply and a supply output, a plurality 
of gate transistors, each connected betWeen respective 
voltage conversion stages, betWeen a ?rst stage of said 
voltage conversion stages and the input supply, or 
betWeen last stage of said voltage conversion stages 
and the supply output, and a bypass transistor con 
nected betWeen one of the input supply and the supply 
output and one of the voltage conversion stages, the 
bypass transistor connected in prallel With at least one 
of said gate transistors, the method comprising the 
steps of: 

operating all of the voltage conversion stages and the gate 
transistors in a predetermined sequence While main 
taining the bypass transistor off to cause all of the 
voltage conversion stages to convert the voltage of the 
input supply to a ?rst voltage for the supply output; and 

operating at least one of the voltage conversion stages, at 
least one of the gate transistors and at least one of the 
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bypass transistors in a predetermined sequence to cause 
at least one of the voltage conversion stages to convert 
the voltage of the input supply to a second voltage for 
the supply output. 

8. The method according to claim 7, Wherein each of the 
voltage conversion stages comprises a booster stage includ 
ing a capacitive element, the method further comprising the 
step of charging and discharging the capacitive elements 
during the voltage conversion. 

9. The method according to claim 7, further comprising 
the step of sWitching the one or more bypass transistors in 
accordance With the voltage of the input supply. 

10. The method according to claim 9, Wherein each of the 
voltage conversion stages comprises a booster stage includ 
ing a capacitive element, and Wherein When the input supply 
has a ?rst predeterrnined voltage, all of the booster stages are 
used in the conversion of the voltage from the input supply 
While When the input supply has a second predetermined 
voltage higher than the ?rst predeterrnined voltage, at least 
one of the booster stages is used for the conversion of the 
voltage from the input supply. 

11. A voltage conversion circuit comprising: 

a charge pump circuit including a plurality of voltage 
conversion stages connected betWeen an input supply 
and a supply output, a plurality of gate transistors, each 
connected betWeen respective voltage conversion 
stages, betWeen a ?rst stage of said voltage conversion 
stages and the input supply, or betWeen last stage of 
said voltage conversion stages and the supply output, 
and a bypass transistor connected betWeen one of the 
input supply and the supply output and one of said 
voltage conversion stages, the bypass transistor con 
nected in prallel With at least one of said gate transis 
tors; 

a drive circuit connected to the plurality of voltage 
conversion stages, the plurality of gate transistors and 
the bypass transistor for controlling the plurality of 
voltage conversion stages, the plurality of gate transis 
tors, and the bypass transistor; and 

a mode sWitching circuit connected to the drive circuit for 
providing a mode signal to the drive circuit. 

12. The voltage conversion circuit according to claim 11, 
Wherein the mode sWitching circuit selectively provides a 
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?rst rnode signal Which causes all of the voltage conversion 
stages to operate and a second mode signal Which causes at 
least one of the voltage conversion stages to operate to the 
drive circuit. 

13. The voltage conversion circuit according to claim 12, 
Wherein the drive circuit uses the ?rst rnode signal to control 
the charge pump circuit such that the bypass transistor are 
turned off While using all of the voltage conversion stages 
for converting the voltage of the input supply to a ?rst 
voltage for the supply output and uses the second mode 
signal to control the charge pump circuit such that at least 
one of the voltage conversion stages is used to convert the 
voltage of the input supply to a second voltage of the supply 
output. 

14. The voltage conversion circuit according to claim 13, 
Wherein the ?rst and second voltages of the supply output 
are provided to a semiconductor device operating in a 
plurality of modes and Wherein the mode sWitching circuit 
supplies either the ?rst or the second mode signal to the 
drive circuit in accordance With a particular one of the 
plurality of modes. 

15. The voltage conversion circuit according to claim 12, 
Wherein the mode sWitching circuit provides the ?rst rnode 
signal to the drive circuit When the voltage of the input 
supply assumes a ?rst predeterrnined voltage and provides 
the second mode signal to the drive circuit When the input 
supply assumes a second predetermined voltage Which is 
higher than the ?rst predeterrnined voltage. 

16. The voltage conversion circuit according to claim 12, 
Wherein the mode sWitching circuit is responsive to a test 
mode signal to provide either the ?rst or the second mode 
signal to the drive circuit in accordance With the test mode 
signal independent of the voltage level of the input supply. 

17. The voltage conversion circuit according to claim 11, 
Wherein the voltage conversion stage comprises a booster 
stage including a capacitive element. 

18. The voltage conversion circuit according to claim 11, 
Wherein the mode sWitching circuit comprises a ?rst transfer 
gate responsive to the mode signal, a second transfer gate 
responsive to a test mode signal and a logic circuit connected 
to the ?rst and second transfer gates to open either the ?rst 
or the second transfer gate in accordance With the test mode 
signal. 


