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MULTI-MODE CHARGE PUMP DRIVE 
CIRCUIT WITH IMPROVED INPUT NOISE 

AT A MOMENT OF MODE CHANGE 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation-in-part of, and 
claims bene?t of the ?lling date of, and hereby incorporates 
fully by reference, a parent application entitled “Charge 
Pump Drive Circuit For A Light Emitting Diode,” Ser. No. 
11/306,408, ?led Dec. 27, 2005, and assigned to the assignee 
of the present application. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a multi-mode 
charge pump drive circuit and, more particularly, to a 
multi-mode charge pump drive circuit With improved input 
noise at a moment of mode change. 
[0004] 2. Description of the Related Art 
[0005] FIG. 1(a) is a detailed circuit diagram shoWing a 
conventional charge pump drive circuit 10. The charge 
pump drive circuit 10 converts an input voltage source Vin 
into a drive voltage Vol” for driving a load 11. Sometimes the 
input voltage source Vin is not at an appropriate status to be 
directly applied for driving the load 11, such as in the case 
Where the input voltage source Vin is too high, too loW, or 
?uctuating very much. For this reason, the charge pump 
drive circuit 10 is necessary for generating an applicable and 
stable drive voltage Vow through regulating the input voltage 
source Vin. For example, the conventional charge pump 
drive circuit 10 is provided With a 1:2 step-up charge pump 
12, Which is operated alternately betWeen a charging phase 
and a discharging phase in accordance With sWitch control 
signals SC1 and SC2 generated from a sWitch control circuit 
13, thereby generating a drive voltage Vol” that is tWice as 
large as the input voltage source Vin. 
[0006] More speci?cally, the 1:2 step-up charge pump 12 
shoWn in FIG. 1(a) consists of a ?rst sWitch S1, a second 
sWitch S2, a third sWitch S3, a fourth sWitch S4, and a 
pumping capacitor Cp. The ?rst sWitch S1 is coupled 
betWeen the input voltage source Vin and a ?rst electrode of 
the pumping capacitor Cp; the second sWitch S2 is coupled 
betWeen the input voltage source Vin and a second electrode 
of the pumping capacitor Cp; the third sWitch S3 is coupled 
betWeen the second electrode of the pumping capacitor Cp 
and a ground potential; and the fourth sWitch S4 is coupled 
betWeen the ?rst electrode of the pumping capacitor Cp and 
the drive voltage Vol”. As shoWn in FIG. 1(b), the ?rst and 
second sWitch control signals SC1 and SC2 generated from 
the sWitch control circuit 13 are non-overlapping With 
respect to each other, each of Which is a binary oscillating 
signal having a high level H and a loW level L. The ?rst 
sWitch control signal SC1 is applied to the ?rst and third 
sWitches S1 and S3 While the second sWitch control signal 
SC2 is applied to the second and fourth sWitches S2 and S4. 
During the charging phase, such as from time T1 to time T2 
and from time T5 to T6, the ?rst and third sWitches S1 and 
S3 are turned ON While the second and fourth sWitches S2 
and S4 are turned OFF, causing the ?rst electrode of the 
pumping capacitor Cp to be connected to the input voltage 
source Vin and the second electrode of the pumping capaci 
tor Cp to be connected to the ground potential. During the 
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discharging phase, such as from time T3 to time T4 and from 
time T7 to time T8, the second and fourth sWitches S2 and 
S4 are turned ON While the ?rst and third sWitches S1 and 
S3 are turned OFF, causing the ?rst electrode of the pumping 
capacitor Cp to be connected to the drive voltage Vol” and 
the second electrode of the pumping capacitor Cp to be 
connected to the input voltage source Vin. Through the 
alternate operations betWeen the charging and discharging 
phases, the pumping capacitor Cp is able to provide the drive 
voltage V that is tWice as large as the input voltage source 
Vin. 
[0007] In order to maintain the drive voltage Vow at the 
desired regulation value, the conventional charge pump 
drive circuit 10 is further provided With a feedback control 
system including a voltage detection circuit 14, an error 
ampli?er 15, a reference voltage source Vrej, and a variable 
resistance unit VAR. The voltage detection circuit 14 is 
directly coupled to the output terminal of the 1:2 step-up 
charge pump 12 for generating a feedback signal V?, repre 
sentative of the drive voltage Vol”. As shoWn in FIG. 1(a), 
the voltage detection circuit 14 may be implemented by a 
resistive voltage divider in Which the coupling point 
betWeen the series-connected resistors R1 and R2 is used for 
providing a partial voltage of [R2/(R1+R2)]*V0m as the 
feedback signal V?,. Based on a difference betWeen the 
feedback signal V?, and the reference voltage source Vref, 
the error ampli?er 15 generates an error signal V9,, for 
controlling the variable resistance unit VAR. Since the 
variable resistance unit VAR provides a variable resistance 
betWeen the input voltage source Vin and the pumping 
capacitor Cp, the charging current into the pumping capaci 
tor Cp during the charging phase may be adjusted and the 
discharging current out of the pumping capacitor Cp during 
the discharging phase may be adjusted, thereby effectively 
regulating the drive voltage Vow provided by the pumping 
capacitor Cp. As a result, When reaching at the stable state 
the feedback signal V?, is regulated to become substantially 
equal to the reference voltage source Vref, and at the same 
time the drive voltage Vow is correspondingly regulated as 
expected. Finally through a typical ?lter 16 for removing 
some possible ripples, a desired drive voltage Vow is applied 
to the load 11. 
[0008] Although the conventional charge pump drive cir 
cuit 10 shoWn in FIG. 1(a) is able to provide a stable, 
regulated drive voltage Vow to the load 11, the conventional 
charge pump drive circuit 10 ?nds itself incompetent to 
control the brightness of a light emitting diode that is used 
as the load 11 because the brightness of the light emitting 
diode is determined by the drive current rather than the drive 
voltage. Moreover, in order to ensure that the light emitting 
diode is actually turned on in any case, the conventional 
charge pump drive circuit 10 is typically designed to supply 
a higher-than-necessary drive voltage V at the cost of 
reducing the driving ef?ciency. 

out 

out 

SUMMARY OF THE INVENTION 

[0009] A multi-mode charge pump drive circuit according 
to the present invention is applied for driving a light emitting 
diode. The multi-mode charge pump drive circuit includes: 
a multi-mode charge pump, a sWitch control circuit, a 
current regulation circuit, an error ampli?er, a variable 
resistance unit, and a mode selection circuit. The multi 
mode charge pump converts an input voltage source into a 
drive voltage to be supplied to the light emitting diode. The 
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multi-mode charge pump is operated With a plurality of 
modes, each of Which provides a different multiplicative 
ratio for converting the input voltage source into the drive 
voltage. The sWitch control circuit applies a sWitch control 
signal to the multi-mode charge pump so as to operate the 
multi-mode charge pump alternately betWeen a charging 
phase and a discharging phase. The sWitch control signal has 
a sleW rate for determining a rate of transferring betWeen the 
charging phase and the discharging phase. The current 
regulation circuit has a current setting unit and a current 
regulating unit. The current setting unit is used for deter 
mining a reference current. The current regulating unit has 
a current regulating terminal and a feedback detecting 
terminal. The current regulating unit is coupled to the light 
emitting diode so as to control a current ?oWing through the 
light emitting diode to become proportional to the reference 
current. The feedback detecting terminal is used for provid 
ing a feedback signal representative of a current regulation 
characteristic voltage. The error ampli?er generates an error 
signal based on a difference betWeen the feedback signal and 
a reference voltage source. The variable resistance unit is 
coupled betWeen the input voltage source and the multi 
mode charge pump for adjusting a variable resistance in 
response to the error signal. The mode selection circuit 
controls the multi-mode charge pump to selectively operate 
at one of the plurality of modes. At a moment When the mode 
selection circuit changes the mode of the multi-mode charge 
pump, the mode selection circuit applies a mode change 
signal to the sWitch control circuit so as to reduce the sleW 
rate of the sWitch control signal. 
[0010] The multi-mode charge pump drive circuit accord 
ing to the present invention further includes a pull-up circuit 
coupled to an output terminal of the error ampli?er. At the 
moment When the mode selection circuit changes the mode 
of the multi-mode charge pump, the pull-up circuit pulls up 
the error signal in response to the mode change signal. 
[0011] The pull-up circuit according to the present inven 
tion includes: a voltage selecting unit, a voltage reducing 
unit, a buffering unit, and a sWitching unit. The voltage 
selecting unit selects a larger voltage from a group consist 
ing of the input voltage source and the drive voltage. The 
voltage reducing unit reduces the larger voltage to form a 
pull-up voltage. The bu?fering unit serves as an output stage 
of the pull-up circuit. The sWitching unit is coupled betWeen 
the voltage selecting unit and the buffering unit and con 
trolled by the mode change signal such that the pull-up 
voltage is alloWed to be applied to the buffering unit When 
the sWitching unit is turned on. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The above-mentioned and other objects, features, 
and advantages of the present invention Will become appar 
ent With reference to the folloWing descriptions and accom 
panying draWings, Wherein: 
[0013] FIG. 1(a) is a detailed circuit diagram shoWing a 
conventional charge pump drive circuit; 
[0014] FIG. 1(b) is a Waveform timing chart shoWing 
sWitch control signals in a conventional charge pump drive 
circuit; 
[0015] FIG. 2 is a detailed circuit diagram shoWing a 
charge pump drive circuit for a light emitting diode accord 
ing to a ?rst embodiment of the present invention; 
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[0016] FIG. 3 is a detailed circuit diagram shoWing a 
charge pump drive circuit for a light emitting diode accord 
ing to a second embodiment of the present invention; 
[0017] FIG. 4 is a detailed circuit diagram shoWing a 
charge pump drive circuit for a light emitting diode accord 
ing to a third embodiment of the present invention; 
[0018] FIG. 5 is a detailed circuit diagram shoWing a 
charge pump drive circuit for a light emitting diode accord 
ing to a fourth embodiment of the present invention. 
[0019] FIGS. 6(a) and 6(b) are functional circuit block 
diagrams shoWing a multi-mode charge pump drive circuit 
of FIGS. 2 to 5; 
[0020] FIGS. 7(a) and 7(b) are functional circuit block 
diagrams shoWing a multi-mode charge pump drive circuit 
With improved input noise at a moment of mode change; and 
[0021] FIG. 8 is a detailed circuit diagram shoWing a 
pull-up circuit according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0022] The preferred embodiments according to the 
present invention Will be described in detail With reference 
to the draWings. 
[0023] FIG. 2 shoWs a charge pump drive circuit 20 
according to a ?rst embodiment of the present invention, for 
converting an input voltage source Vin into a drive voltage 
Vow and providing a regulated drive current I01”, for driving 
a light emitting diode LED. The charge pump drive circuit 
20 of the ?rst embodiment primarily includes a charge pump 
22, a sWitch control circuit 23, a current regulation circuit 
24, an error ampli?er 25, and a variable resistance unit VAR. 
[0024] The charge pump 22 shoWn in FIG. 2 is imple 
mented by a 1:2 step-up charge pump Whose con?guration 
and operation are substantially identical to the 1:2 step-up 
charge pump shoWn in FIG. 1(a), so any further detailed 
description is omitted here. In accordance With sWitch 
control signals SC1 and SC2 generated from a sWitch 
control circuit 23, the charge pump 22 may generate a drive 
voltage Vow that is tWice as large as the input voltage source 
Vin. The sWitch control signals SC1 and SC2 generated from 
the sWitch control circuit 23 are substantially identical to 
those shoWn in FIG. 1(b), so any further detailed description 
is omitted here. 
[0025] The current regulation circuit 24 controls the drive 
current Iout ?oWing through the light emitting diode LED to 
become equal to a predetermined regulation value, such that 
the brightness of the light emitting diode LED is regulated 
and kept stable. More speci?cally, the current regulation 
circuit 24 has a current setting unit and a current regulating 
unit. The current setting unit determines a reference current 
Ire/.4 The current regulating unit has a current regulating 
terminal, coupled to the light emitting diode LED, for 
controlling the drive current Iom ?oWing through the light 
emitting diode LED to become equal or proportional to the 
reference current Ire/.4 The current regulating unit further has 
a feedback detecting terminal for providing a feedback 
signal V?, representative of a current regulation character 
istic voltage of the current regulation circuit 24. 
[0026] In the embodiment shoWn in FIG. 2, the current 
setting unit is constructed by a reference current source lref 
and a transistor Q1 While the current regulating unit is 
constructed by transistors Q2 and Q3 and an operational 
ampli?er OP. The transistors Q1 and Q2 form a current 
mirror structure: the gate electrode of the transistor O1 is 
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coupled to the gate electrode of the transistor Q2; the source 
electrode of the transistor Q1 and the source electrode of the 
transistor Q2 are both coupled to the ground potential; and 
the gate and drain electrodes of the transistor Q1 are coupled 
together. Therefore, When the reference current source lrefis 
applied to the transistor Q1, the drive current 10m ?oWing 
into the drain electrode of the transistor Q2 is K times larger 
than the reference current source lref if the siZe (i.e. the 
Width-to-length ratio of the current channel) of the transistor 
Q2 is designed to be K times larger than that of the Q1. In 
this case, the drain electrode of the transistor Q2 may serve 
as the current regulating terminal so as to be coupled to the 
cathode (n-type electrode) of the light emitting diode such 
that a certain amount of brightness is radiated out of the light 
emitting diode LED though the regulated drive current 101”. 
In order to establish a proportional relationship betWeen the 
drive current Tom and the reference current source lref as 
precisely as expected in the current mirror structure, the 
drain electrode of the transistor Q1 should be preferably kept 
as closer to the drain electrode of the transistor Q2 as 
possible in terms of the voltage potential. For this reason, the 
current regulating unit provides a voltage folloWer formed 
by the operational ampli?er OP and the transistor Q3. More 
speci?cally, the operational ampli?er OP has an inverting 
input terminal (—) coupled to the drain electrode of the 
transistor Q1 and a non-inverting input terminal (+) coupled 
to the drain electrode of the transistor Q2. The transistor Q3 
has a source electrode coupled to the drain electrode of the 
transistor Q2 and a drain electrode coupled to the reference 
current source Lef. Through using an output terminal of the 
operational ampli?er OP to control the gate electrode of the 
transistor Q3, the drain electrode of the transistor Q1 and the 
drain electrode of the transistor Q2 may be substantially kept 
at the same voltage potential. 

[0027] The charge pump drive circuit 20 according to the 
?rst embodiment of the present invention executes a con 
stant current method for driving the light emitting diode 
LED so as to effectively control the brightness of the light 
emitting diode LED. HoWever, the conventional charge 
pump drive circuit 10 shoWn in FIG. 1(a) executes a 
constant voltage method, as described in detail earlier, and 
then fails to control the brightness of the light emitting diode 
LED. With respect to the constant current driving method 
according to the present invention, in order to empoWer the 
current regulation circuit 24 to perform the function of 
regulating current, a high enough operational voltage should 
be maintained at the drain electrodes of the transistors Q1 
and Q2 so as to ensure that the transistors Q1 and Q2 are 
operated in the saturation region. Therefore, in the charge 
pump drive circuit 20 according to the ?rst embodiment of 
the present invention, the feedback detecting terminal may 
be implemented by the inverting input terminal (—) of the 
operational ampli?er OP. As described earlier, the inverting 
input terminal (—) of the operational ampli?er OP is coupled 
to the drain electrode of the transistor Q1 and causes the 
voltage thereof to folloW the non-inverting input terminal 
(+) of the operational ampli?er OP, i.e. the voltage at the 
drain electrode of the transistor Q2. As a result, the feedback 
signal V?, provided from the feedback detecting terminal is 
a representative of the voltage at the drain electrodes of the 
transistors Q1 and Q2. Based on a difference betWeen 
feedback signal V?, and the reference voltage source Vref, 
the error ampli?er 25 generates an error signal V for err 

controlling the variable resistance unit VAR. Since the 
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variable resistance unit VAR provides a variable resistance 
in series betWeen the input voltage source Vin and the 
pumping capacitor Cp, the charging current into the pump 
ing capacitor Cp during the charging phase may be adjusted 
and the discharging current out of the pumping capacitor Cp 
during the discharging phase may be adjusted, thereby 
effectively regulating the drive voltage Vow provided by the 
pumping capacitor Cp. Finally through a typical ?lter 26 for 
removing some possible ripples, the drive voltage Vol” is 
supplied to the anode (p-type electrode) of the light emitting 
diode LED. Because the variation of the drive voltage Vol” 
induces the variation of the voltage at the drain electrodes of 
the transistors Q1 and Q2 When the light emitting diode LED 
is turned ON, the feedback signal V?, is effectively regulated 
to become equal to the reference voltage source Vrefthrough 
the error signal V8,, and the variable resistance unit VAR. 
Therefore, under the condition that the reference voltage 
source Vrefis set high enough for alloWing the transistors Q1 
and Q2 to operate in the saturation region, the current 
regulation circuit 24 is su?iciently empoWered to regulate 
the drive current I under the drive voltage Vol”. 
[0028] It should be noted that in regard to the origin of the 
feedback signal V?,, the charge pump drive circuit 20 
according to the ?rst embodiment of the present invention is 
obviously different from the conventional charge pump 
drive circuit 10 shoWn in FIG. 1(a) because the conventional 
charge pump drive circuit 10 directly detects the drive 
voltage Vol” or its division to generate the feedback signal 
V/b With the only purpose of sustaining the drive voltage V01” 
at a predetermined regulation value. HoWever, the charge 
pump drive circuit 20 according to the ?rst embodiment of 
present invention generates the feedback signal V?, through 
detecting the current regulation characteristic voltage, i.e. 
the voltage at the drain electrodes of the transistors Q1 and 
Q2 so as to make sure that the current regulating function is 
executed. Moreover, the drive voltage Vow output from the 
charge pump drive circuit 20 according to the ?rst embodi 
ment of the present invention is alloWed to be set as loW as 
possible if the current regulation circuit 24 remains suffi 
ciently empoWered to perform the current regulating func 
tion. For this reason, the charge pump drive circuit 20 
according to the ?rst embodiment of the present invention 
achieves a better driving ef?ciency than the conventional 
charge pump drive circuit 10. 
[0029] The variable resistance unit VAR may be imple 
mented by an equivalent conductive resistance Ramon) of a 
current channel betWeen drain and source electrodes in a 
metal-oxide-semiconductor (MOS) transistor. More speci? 
cally, the current channel betWeen drain and source elec 
trodes of the MOS transistor is coupled in series betWeen the 
input voltage source Vin and the charge pump 22 and at the 
same time the gate electrode of the MOS transistor is 
controlled by the error signal Verr. Through adjusting the 
equivalent conductive resistance Rdsw of the current chan 
nel betWeen drain and source electrodes in the MOS tran 
sistor by the error signal Verr, the current ?oWing betWeen 
the input voltage source Vin and the charge pump 22 is 
effectively controlled Whether during the charging or dis 
charging phases. 
[0030] FIG. 3 is a detailed circuit diagram shoWing a 
charge pump drive circuit 30 for a light emitting diode 
according to a second embodiment of the present invention. 
The second embodiment is different from the ?rst embodi 
ment in that the charge pump drive circuit 30 of the second 

out 
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embodiment employs a multi-mode charge pump 32. More 
speci?cally, the multi-mode charge pump 32 consists of 
seven switches S1 to S7 and tWo pumping capacitors Cpl 
and Cp2, all coupled together to form the circuit con?gu 
ration as shoWn in FIG. 3. Through appropriately controlling 
the ON and OFF operations of the sWitches S1 to S7, the 
multi-mode charge pump 32 may be operated in a 1:1, 1:1.5, 
or 1:2 modes. In the 1:1 mode, the sWitches S1 and S7 are 
turned OFF While the sWitches S2 to S6 are turned ON, 
thereby generating a drive voltage V that is equal to the 
input voltage source Vin. 
[0031] In the 1:1.5 mode, the multi-mode charge pump 32 
is operated alternately betWeen a charging phase and a 
discharging phase in accordance With sWitch control signals 
SC1 and SC2 generated from a sWitch control circuit 33 so 
as to generate a drive voltage Vol” that is equal to 1.5 times 
as large as the input voltage source Vin. During the charging 
phase, the sWitches S1, S3, S4, and S6 are turned OFF While 
the sWitches S2, S5, and S7 are turned ON. During the 
discharging phase, the sWitches S2, S5, and S7 are turned 
OFF While the sWitches S1, S3, S4, and S6 are turned ON. 
[0032] In the 1:2 mode, the multi-mode charge pump 32 is 
operated alternately betWeen a charging phase and a dis 
charging phase in accordance With sWitch control signals 
SC1 and SC2 generated from a sWitch control circuit 33 so 
as to generate a drive voltage Vow that is equal to 2 times as 
large as the input voltage source Vin. During the charging 
phase, the sWitches S1, S2, S3, and S6 are turned OFF While 
the sWitches S4, S5, and S7 are turned ON. During the 
discharging phase, the sWitches S2, S3, S4, S5, and S7 are 
turned OFF While the sWitches S1 and S6 are turned ON. 

[0033] In order to select an operational mode at Which the 
multi-mode charge pump 32 is about to be operated, the 
charge pump drive circuit 30 according to the second 
embodiment of the present invention is provided With a 
mode selection circuit 37 for applying a mode selection 
signal MS to the multi-mode charge pump 32. Through 
detecting any one of the input voltage source Vin, the drive 
voltage Vol”, and the feedback signal V?, or even their 
various combinations, the mode selection circuit 37 deter 
mines in Which one of the 1:1, 1:1.5, and 1:2 modes the 
multi-mode charge pump 32 should be operated at this 
moment. Since the input voltage source Vin usually 
decreases gradually along With time When in use, such as in 
the case Where the input voltage source Vin is implemented 
by a portable battery or the like, the multi-mode charge 
pump 32 should be set in a mode having a relatively small 
multiplicative ratio When the input voltage source Vin has a 
relatively high level at the beginning of the battery’ s life, but 
the multi-mode charge pump 32 should be changed to a 
mode having a relatively large multiplicative ratio When the 
input voltage source Vin decreases to a relatively loW level 
later in use. 

[0034] As an alternative Way, it is through detecting the 
drive voltage Vow that the mode selection circuit 37 deter 
mines at Which mode the multi-mode charge pump 32 
should be set to operate. More speci?cally, once the multi 
mode charge pump 32 is operated in a mode having a 
relatively small multiplicative ratio but fails to provide a 
high enough drive voltage Vow, the multi-mode charge 
pump 32 is determined ready to be changed into a mode 
having a relatively large multiplicative ratio. To the contrary, 
once the multi-mode charge pump 32 is operated in a mode 
having a relatively large multiplicative ratio and provides a 
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higher-than-necessary drive voltage Vow, the multi-mode 
charge pump 32 is determined ready to be changed into a 
mode having a relatively small multiplicative ratio so as to 
avoid unnecessary poWer consumption and then enhance the 
driving ef?ciency. 
[0035] As a still alternative Way, it is on the basis of the 
feedback signal V?, that the mode selection circuit 37 
determines at Which mode the multi-mode charge pump 32 
should be set to operate. More speci?cally, When the multi 
mode charge pump 32 is operating in a mode having a 
relatively small multiplicative ratio, if it is observed that the 
current regulation circuit 34 fails to provide the necessary 
drive current I01” because the feedback signal V?, is loWer 
than the reference voltage source Vre the multi-mode 
charge pump 32 is determined ready to be changed into a 
mode having a relatively large multiplicative ratio. To the 
contrary, When the multi-mode charge pump 32 is operating 
in a mode having a relatively large multiplicative ratio, if it 
is observed that the feedback signal V?, is much higher than 
the reference voltage source Vref, the multi-mode charge 
pump 32 is determined ready to be changed into a mode 
having a relatively small multiplicative ratio so as to avoid 
unnecessary poWer consumption and then enhance the driv 
ing ef?ciency. 
[0036] It is should be noted that the multi-mode charge 
pump 32 according to the present invention is not limited to 
the circuit con?guration and multiplicative ratios mentioned 
With regard to FIG. 3, but may be implemented by other 
charge pump structures executing the charging/discharging 
techniques of the pumping capacitors and various multipli 
cative ratios, so as to convert the input voltage source Vin 
into the drive voltage Vol”. 
[0037] FIG. 4 is a detailed circuit diagram shoWing a 
charge pump drive circuit 40 for a light emitting diode 
according to a third embodiment of the present invention. 
The third embodiment is different from the second embodi 
ment in that the third embodiment simultaneously employs 
three variable resistance units VAR1, VAR2, and VAR3, 
Which are separate With respect to one another, to replace the 
single variable resistance unit VAR of the second embodi 
ment. More speci?cally, the ?rst variable resistance unit 
VAR1 is connected in series to the sWitch S1, the second 
variable resistance unit VAR2 is connected in series to the 
sWitch S3, and the third variable resistance unit VAR3 is 
connected in series to the sWitch S5. Like the single variable 
resistance unit VAR in the second embodiment, each of the 
variable resistance units VAR1, VAR2, and VAR3 in the 
third embodiment are simultaneously controlled by an error 
signal V9,, generated from an error ampli?er 45. When the 
sWitch S1 is turned ON, the ?rst variable resistance unit 
VAR1 may adjust the current ?oWing into/out of the ?rst 
pumping capacitor Cp1 through the sWitch S1. When the 
sWitch S3 is turned ON, the second variable resistance unit 
VAR2 may adjust the current ?oWing into/out of the second 
pumping capacitor Cp2 through the sWitch S3. When the 
sWitch S5 is turned ON, the third variable resistance unit 
VAR3 may adjust the current ?oWing into/out of the ?rst 
pumping capacitor Cp1 or the second pumping capacitor 
Cp2 through the sWitch S5. 
[0038] FIG. 5 is a detailed circuit diagram shoWing a 
charge pump drive circuit 50 for a light emitting diode 
according to a fourth embodiment of the present invention. 
The fourth embodiment is different from the third embodi 
ment in that the fourth embodiment employs three P-type 
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MOS transistors ST1, ST2, and ST5 to correspondingly 
replace the switch S1 and the variable resistance unit VAR1, 
the sWitch S3 and the variable resistance unit VAR2, and the 
sWitch S5 and the variable resistance unit VAR3. As Well 
knoWn by one skilled in the art, the MOS transistor not only 
has the simple features of being turned ON and OFF, but also 
adjusts the equivalent conductive resistance Rdswn) of the 
current channel betWeen drain and source electrodes in 
response to the voltage control signal at the gate electrode 
When the MOS transistor is turned ON. Therefore, the MOS 
transistor is capable of executing the circuit functions origi 
nating from the sWitch as Well as from the variable resistance 
unit. The P-type MOS transistors ST1, ST3, and ST5 are 
turned ON/OFF in response to sWitch control signals SCI 
and SC2 generated from a sWitch control circuit 53, and for 
each of them the equivalent conductive resistance R mo”) of 
the current channel betWeen drain and source electrodes 
thereof is adjusted in response to an error signal V8,, 
generated from an error ampli?er 55. 

[0039] More speci?cally, the P-type MOS transistor ST1 
has a source electrode coupled to the input voltage source 
Vin, and a drain electrode coupled to the ?rst electrode of the 
?rst pumping capacitor Cpl and the sWitch S7. When the 
P-type MOS transistor ST1 is turned ON, the error signal 
V generated from the error ampli?er 55 is applied to the 
géi'e electrode of the P-type MOS transistor ST1 and then 
adjusts the current ?oWing through the current channel of 
the P-type MOS transistor ST1. The P-type MOS transistor 
ST3 has a source electrode coupled to the ?rst electrode of 
the second pumping capacitor Cp2 and the sWitch S2, and a 
drain electrode coupled to the sWitch S6 and the drive 
voltage Vol”. When the P-type MOS transistor ST3 is turned 
ON, the error signal V8,, generated from the error ampli?er 
55 is applied to the gate electrode of the P-type MOS 
transistor ST3 and then adjusts the current ?oWing through 
the current channel of the P-type MOS transistor ST3. The 
P-type MOS transistor ST5 has a source electrode coupled 
to the second electrode of the second pumping capacitor Cp2 
and the sWitch S4, and a drain electrode coupled to the 
second electrode of the ?rst pumping capacitor Cpl and the 
sWitch S6. When the P-type MOS transistor ST5 is turned 
ON, the error signal V8,, generated from the error ampli?er 
55 is applied to the gate electrode of the P-type MOS 
transistor ST5 and then adjusts the current ?oWing through 
the current channel of the P-type MOS transistor ST5. 

[0040] The second to the fourth embodiments shoWn in 
FIGS. 3 to 5 are all related to the multi-mode charge pump 
drive circuit. For the sake of simplicity and a clearer 
presentation of inventive characteristics in the folloWing 
embodiments, the multi-mode charge pump drive circuit 
according to the present invention is illustrated by Way of 
functional circuit blocks in FIGS. 6(a) and 6(b). FIG. 6(a) 
represents the second embodiment of FIG. 3, Wherein the 
variable resistance unit VAR is coupled betWeen the input 
voltage source Vin and the multi-mode charge pump 62. FIG. 
6(b) represents the third embodiment of FIG. 4, Wherein the 
variable resistance unit VAR is arranged Within the multi 
mode charge pump 62, or the fourth embodiment of FIG. 5, 
Wherein the internal sWitches of the multi-mode charge 
pump 62 provide the equivalent conductive resistance Rds 
(on). 

[0041] As described above, the multi-mode charge pump 
drive circuit 60 primarily has the functional circuit blocks 
such as a multi-mode charge pump 62, a sWitch control 
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circuit 63, a current regulation circuit 64, and an error 
ampli?er 65. The further descriptions of the functional 
circuit blocks are omitted in the folloWing paragraphs since 
each of them has already been described in detail With 
respect to the operations and the coupling relationship 
betWeen one another. The multi-mode charge pump 62 is 
operated With a plurality of modes, each of Which provides 
a different multiplicative ratio for converting the input 
voltage source Vin into the drive voltage VOL”. As described 
in the second to the fourth embodiments of FIGS. 3 to 5, in 
each of the modes of the multi-mode charge pump 62, it is 
effective to adjust the current ?oWing betWeen the input 
voltage source Vin and the multi-mode charge pump 62 
through controlling the variable resistance unit VAR or the 
equivalent conductive resistance Rdswn) by the error signal 
V of the error ampli?er 65. HoWever, at the moment When 
thl'ermode of the multi-mode change pump changes from one 
to another, the voltages at the terminals of the pumping 
capacitors are often required to instantaneously jump or 
dive, resulting in a huge input noise in the current ?oWing 
betWeen the input voltage source Vin and the multi-mode 
charge pump 62. Moreover, at the moment of mode change, 
it is possible for the error signal V8,, of the error ampli?er 
65 to reduce into such a loW level that the current ?oWing 
betWeen the input voltage source Vin and the multi-mode 
charge pump 62 is not suppressed any longer by the error 
signal V9,, and therefore the input noise is not effectively 
prevented. 
[0042] FIG. 7(a) shoWs a ?rst example of a multi-mode 
charge pump drive circuit 70 With improved input noise at 
a moment of mode change. The ?rst example of FIG. 7(a) 
is applicable to the second embodiment of FIG. 3, Wherein 
the variable resistance unit VAR is coupled betWeen the 
input voltage source Vin and the multi-mode charge pump 
72. FIG. 7(b) shoWs a second example of a multi-mode 
charge pump drive circuit 70 With improved input noise at 
a moment of mode change. The second example of FIG. 7(b) 
is applicable to the third embodiment of FIG. 4, Wherein the 
variable resistance unit VAR is arranged Within the multi 
mode charge pump 72, or the fourth embodiment of FIG. 5, 
Wherein the internal sWitches of the multi-mode charge 
pump 72 provide the equivalent conductive resistance Rds 
(on). 

[0043] As described above, the multi-mode charge pump 
drive circuit 70 according to the present invention is pro 
vided With a mode selection circuit 77 for applying a mode 
selection signal MS to the multi-mode charge pump 72. 
Through detecting any one of the input voltage source Vin, 
the drive voltage Vow, and the feedback signal V?, or even 
their various combinations, the mode selection circuit 77 
determines in Which one ofthe 1:1, 111.5, and 1:2 modes the 
multi-mode charge pump 72 should be operated at this 
moment. More speci?cally, the mode selection circuit 77 is 
provided With a mode change detecting unit 78 for compar 
ing an operational characteristic signal Voch and a threshold 
reference signal Vth so as to determine When to change the 
mode. 

[0044] In one embodiment, the operational characteristic 
signal Voch may be implemented by the input voltage source 
Vin. Since the input voltage source Vin usually decreases 
gradually along With time When in use, such as in the case 
Where the input voltage source Vin is implemented by a 
portable battery or the like, the multi-mode charge pump 72 
should be set in a mode having a relatively small multipli 
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cative ratio When the input voltage source Vin has a rela 
tively high level at the beginning of the battery’s life, but the 
multi-mode charge pump 72 should be changed to a mode 
having a relatively large multiplicative ratio When the input 
voltage source Vin decreases to a relatively loW level later in 
use. 

[0045] In another embodiment, the operational character 
istic signal Voch may be implemented by the drive voltage 
Vow. Once the multi-mode charge pump 72 is operated in a 
mode having a relatively small multiplicative ratio but fails 
to provide a high enough drive voltage Vow, the multi-mode 
charge pump 72 is determined ready to be changed into a 
mode having a relatively large multiplicative ratio. To the 
contrary, once the multi-mode charge pump 72 is operated in 
a mode having a relatively large multiplicative ratio and 
provides a higher-than-necessary drive voltage Vol”, the 
multi-mode charge pump 72 is determined ready to be 
changed into a mode having a relatively small multiplicative 
ratio so as to avoid unnecessary poWer consumption and 
then enhance the driving e?iciency. 
[0046] In still another embodiment, the operational char 
acteristic signal Voch may be implemented by the error 
signal Verr. When the multi-mode charge pump 72 is oper 
ating in a mode having a relatively small multiplicative ratio, 
if it is observed that the error signal V9,, reduces to a loWer 
level than the threshold reference signal Vth, the multi-mode 
charge pump 72 is determined ready to be changed into a 
mode having a relatively large multiplicative ratio. To the 
contrary, When the multi-mode charge pump 72 is operating 
in a mode having a relatively large multiplicative ratio, if it 
is observed that the error signal V8,, is getting higher and 
higher, the multi-mode charge pump 72 is determined ready 
to be changed into a mode having a relatively small multi 
plicative ratio so as to avoid unnecessary poWer consump 
tion and then enhance the driving efficiency. 
[0047] Therefore, Whether the operational characteristic 
signal Voch is implemented by the input voltage source Vin, 
the drive voltage Vow or the error signal Verr, the mode 
change detecting unit 78 generates a mode change signal 
MC When the mode change detecting unit 78 detects that the 
operational characteristic signal Voch reduces to become 
loWer than the threshold reference signal Vth. In response to 
the mode change signal MC, the mode selection circuit 77 
changes the mode of the multi-mode charge pump 72. 
[0048] As described above, the sWitch control circuit 73 
applies a sWitch control signal SC to the multi-mode charge 
pump 72 for controlling the multi-mode charge pump 72 to 
operate alternately betWeen the charging phase and the 
discharging phase. The sWitch control signal SC has a sleW 
rate of edge, i.e., the rising rate of the rising edge and/or the 
falling rate of the falling edge, for determining the rate of 
transferring betWeen the charging phase and the discharging 
phase. In order to improve the input noise at the moment of 
mode change, the sWitch control circuit 73 is provided With 
a sleW rate adjusting unit 79 for adjusting the sleW rate of the 
sWitch control signal SC generated from the sWitch control 
circuit 73. Since the sWitch control signal SC generated from 
the sWitch control circuit 73 is applied to control the 
sWitches of the multi-mode charge pump 72, the sleW rate of 
the sWitch control signal SC determines the rate of trans 
ferring from the nonconductive state into the conductive 
state (or from the conductive state into the nonconductive 
state) of the sWitches. Therefore, at the moment When the 
multi-mode charge pump 72 changes the mode, the sleW rate 
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adjusting unit 79 reduces the sleW rate of the sWitch control 
signal SC in response to the mode change signal MC, such 
that the sWitches of the multi-mode charge pump 72 trans 
fers at a signi?cantly sloW rate from one state into another, 
thereby preventing the voltages at the terminals of the 
pumping capacitors from instantaneously jumping or diving. 
[0049] As described above, When the multi-mode charge 
pump 72 is operating in a mode having a relatively small 
multiplicative ratio, if it is observed that the error signal V9,, 
reduces to a loWer level than the threshold reference signal 
Vth, the multi-mode charge pump 72 is determined ready to 
be changed into a mode having a relatively large multipli 
cative ratio. Since the error signal V9,, adjusts the current 
?oWing betWeen the input voltage source Vin and the multi 
mode charge pump 72, the error signal Verr, Which is 
reduced at the moment When the multi-mode charge pump 
72 changes the mode, fails to suppress the dramatic variation 
of the current. In order to improve this disadvantage, the 
multi-mode charge pump drive circuit 70 according to the 
present invention is further provided With a pull-up circuit 
80. In response to the mode change signal MC generated 
from the mode change detecting unit 78, the pull-up circuit 
80 instantaneously pulls up the error signal V8,, into an 
enhancement signal Veh. The enhancement signal Veh is 
applied to the variable resistance unit VAR shoWn in FIG. 
7(a) or to the multi-mode charge pump 72 shoWn in FIG. 
7(b), for suppressing the current ?oWing betWeen the input 
voltage source Vin and the multi-mode charge pump 72 so as 
to improve the input noise at the moment of mode change. 
[0050] FIG. 8 is a detailed circuit diagram shoWing a 
pull-up circuit 80 according to the present invention. Refer 
ring to FIG. 8, the pull-up circuit 80 is provided With a 
voltage selecting unit 81, a voltage reducing unit 82, a 
sWitching unit 83, and a buffering unit 84. The voltage 
selecting unit 81 selects the larger voltage from a group 
consisting of the input voltage source Vin and the drive 
voltage Vow. The larger voltage is reduced by the voltage 
reducing unit 82 so as to form a pull-up voltage VPHH. As 
shoWn in ?gure, the voltage reducing unit 82 may be 
implemented by a diode-connected PMOS transistor. The 
sWitching unit 83 is controlled by the mode change signal 
MC for alloWing or blocking the pull-up voltage VPMH to be 
applied to the buffering unit 84. As shoWn in ?gure, the 
sWitching unit 83 may be implemented by tWo PMOS 
transistors G1 and G2. The mode change signal MC is 
applied to gate electrodes of the PMOS transistors G1 and 
G2. When the PMOS transistors G1 and G2 are turned on, 
the pull-up voltage VPMH may be applied to the buffering unit 
84. The buffering unit 84 serves as an output stage of the 
pull-up circuit 80. As shoWn in ?gure, the buffering unit 84 
may be implemented by an operational ampli?er having a 
non-inverting input terminal for receiving the error signal 
V and an inverting input terminal being coupled to an 
output terminal so as to form a unitary gain con?guration. 
During the period When the mode is ?xed, the mode change 
signal MC is at an inactive level such that the transistors G1 
and G2 of the sWitching unit 83 are turned off so as to block 
the pull-up voltage VPMH from being applied to the buffering 
unit 84. In this case, the enhancement signal Veh is substan 
tially implemented by the error signal Verr. HoWever, at the 
moment When the mode changes, the mode change signal 
MC is at an active level such that the transistors G1 and G2 
are turned on so as to alloW the pull-up voltage VPMH to be 
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applied to the buffering unit 84. In this case, the enhance 
ment signal Veh is substantially implemented by the pull-up 
voltage VPMH. 
[0051] While the invention has been described by Way of 
examples and in terms of preferred embodiments, it is to be 
understood that the invention is not limited to the disclosed 
embodiments. To the contrary, it is intended to cover various 
modi?cations. Therefore, the scope of the appended claims 
should be accorded the broadest interpretation so as to 
encompass all such modi?cations. 

What is claimed is: 
1. A multi-mode charge pump drive circuit for driving a 

light emitting diode, comprising: 
a multi-mode charge pump for converting an input volt 

age source into a drive voltage to be supplied to the 
light emitting diode, Wherein the multi-mode charge 
pump is operated With a plurality of modes, each of 
Which provides a different multiplicative ratio for con 
verting the input voltage source into the drive voltage; 

a sWitch control circuit for applying a sWitch control 
signal to the multi-mode charge pump so as to operate 
the multi-mode charge pump alternately betWeen a 
charging phase and a discharging phase, Wherein the 
sWitch control signal has a sleW rate for determining a 
rate of transferring betWeen the charging phase and the 
discharging phase; 

a current regulation circuit having a current setting unit 
and a current regulating unit, the current setting unit 
being used for determining a reference current, the 
current regulating unit having a current regulating 
terminal and a feedback detecting terminal, the current 
regulating unit being coupled to the light emitting diode 
so as to control a current ?oWing through the light 
emitting diode to become proportional to the reference 
current, the feedback detecting terminal being used for 
providing a feedback signal representative of a current 
regulation characteristic voltage; 

an error ampli?er for generating an error signal based on 
a difference betWeen the feedback signal and a refer 
ence voltage source; 

a variable resistance unit coupled betWeen the input 
voltage source and the multi-mode charge pump for 
adjusting a variable resistance in response to the error 
signal; and 

a mode selection circuit for controlling the multi-mode 
charge pump to selectively operate at one of the plu 
rality of modes, 

Wherein at a moment When the mode selection circuit 
changes the mode of the multi-mode charge pump, the 
mode selection circuit applies a mode change signal to 
the sWitch control circuit so as to reduce the sleW rate 
of the sWitch control signal. 

2. The multi-mode charge pump drive circuit according to 
claim 1, further comprising: 

a pull-up circuit, coupled to an output terminal of the error 
ampli?er, for pulling up the error signal in response to 
the mode change signal. 

3. The multi-mode charge pump drive circuit according to 
claim 2, Wherein: 

the pull-up circuit comprises: 
a voltage selecting unit for selecting a larger voltage 

from a group consisting of the input voltage source 
and the drive voltage; 

Jun. 28, 2007 

a voltage reducing unit for reducing the larger voltage 
to form a pull-up voltage; 

a buffering unit for serving as an output stage of the 
pull-up circuit; and 

a sWitching unit, coupled betWeen the voltage selecting 
unit and the buffering unit, controlled by the mode 
change signal such that the pull-up voltage is 
alloWed to be applied to the buffering unit When the 
sWitching unit is turned on. 

4. The multi-mode charge pump drive circuit according to 
claim 3, Wherein: 

the error signal is output from the buffering unit When the 
sWitching unit is turned off, but the pull-up voltage is 
output from the buffering unit When the sWitching unit 
is turned on. 

5. The multi-mode charge pump drive circuit according to 
claim 1, Wherein: 

the mode selection circuit determines When to change the 
mode of the multi-mode charge pump in accordance 
With one selected from a group consisting of the input 
voltage source, the drive voltage, and the error signal. 

6. The multi-mode charge pump drive circuit according to 
claim 1, Wherein: 

the current setting unit has a reference current source and 
a ?rst transistor, in Which the ?rst reference current 
source provides the reference current and a source 
electrode of the ?rst transistor is coupled to a ground 
potential, and 

the current regulating unit has a second transistor, a third 
transistor, and an operational ampli?er, in Which a gate 
electrode of the second transistor is coupled to a gate 
electrode of the ?rst transistor, a drain electrode of the 
second transistor serves as the current regulating ter 
minal, a source electrode of the second transistor is 
coupled to the ground potential, a drain electrode of the 
third transistor is coupled to the reference current 
source and the gate electrode of the ?rst transistor, a 
source electrode of the third transistor is coupled to a 
drain electrode of the ?rst transistor, a non-inverting 
input terminal of the operational ampli?er is coupled to 
the drain electrode of the second transistor, an inverting 
input terminal of the operational ampli?er is coupled to 
the drain electrode of the ?rst transistor and serves as 
the feedback detecting terminal, an output terminal of 
the operational ampli?er is coupled to a gate electrode 
of the third transistor. 

7. The multi-mode charge pump drive circuit according to 
claim 1, Wherein: 

the variable resistance unit is implemented by an equiva 
lent conductive resistance of a current channel in a 
transistor. 

8. The multi-mode charge pump drive circuit according to 
claim 7, Wherein: 

the current channel of the transistor is coupled betWeen 
the input voltage source and the charge pump, and a 
gate electrode of the transistor is controlled by the error 
signal. 

9. A multi-mode charge pump drive circuit for driving a 
light emitting diode, comprising: 

a multi-mode charge pump for converting an input volt 
age source into a drive voltage to be supplied to the 
light emitting diode, Wherein the multi-mode charge 
pump is operated With a plurality of modes, each of 
Which provides a different multiplicative ratio for con 
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verting the input voltage source into the drive voltage, 
the multi-mode charge pump being provided With a 
plurality of variable resistance units; 

a sWitch control circuit for applying a sWitch control 
signal to the multi-mode charge pump so as to operate 
the multi-mode charge pump alternately betWeen a 
charging phase and a discharging phase, Wherein the 
sWitch control signal has a sleW rate for determining a 
rate of transferring betWeen the charging phase and the 
discharging phase; 

a current regulation circuit having a current setting unit 
and a current regulating unit, the current setting unit 
being used for determining a reference current, the 
current regulating unit having a current regulating 
terminal and a feedback detecting terminal, the current 
regulating unit being coupled to the light emitting diode 
so as to control a current ?oWing through the light 
emitting diode to become proportional to the reference 
current, the feedback detecting terminal being used for 
providing a feedback signal representative of a current 
regulation characteristic voltage; 

an error ampli?er for generating an error signal based on 
a difference betWeen the feedback signal and a refer 
ence voltage source, the error signal being applied to 
the multi-mode charge pump for adjusting a variable 
resistance of at least one of the plurality of variable 
resistance units; and 

a mode selection circuit for controlling the multi-mode 
charge pump to selectively operate at one of the plu 
rality of modes, 

Wherein at a moment When the mode selection circuit 
changes the mode of the multi-mode charge pump, the 
mode selection circuit applies a mode change signal to 
the sWitch control circuit so as to reduce the sleW rate 
of the sWitch control signal. 

10. The multi-mode charge pump drive circuit according 
to claim 9, Wherein: 

each of the plurality of variable resistance units is imple 
mented by an equivalent conductive resistance pro 
vided by a current channel in a transistor. 
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11. The multi-mode charge pump drive circuit according 
to claim 10, Wherein: 

the error signal is applied to a gate electrode of the 
transistor for adjusting the equivalent conductive resis 
tance of the current channel. 

12. The multi-mode charge pump drive circuit according 
to claim 9, further comprising: 

a pull-up circuit, coupled to an output terminal of the error 
ampli?er, for pulling up the error signal in response to 
the mode change signal. 

13. The multi-mode charge pump drive circuit according 
to claim 12, Wherein: 

the pull-up circuit comprises: 
a voltage selecting unit for selecting a larger voltage 

from a group consisting of the input voltage source 
and the drive voltage; 

a voltage reducing unit for reducing the larger voltage 
to form a pull-up voltage; 

a buffering unit for serving as an output stage of the 
pull-up circuit; and 

a sWitching unit, coupled betWeen the voltage selecting 
unit and the buffering unit, controlled by the mode 
change signal such that the pull-up voltage is 
alloWed to be applied to the buffering unit When the 
sWitching unit is turned on. 

14. The multi-mode charge pump drive circuit according 
to claim 13, Wherein: 

the error signal is output from the buffering unit When the 
sWitching unit is turned off, but the pull-up voltage is 
output from the buffering unit When the sWitching unit 
is turned on. 

15. The multi-mode charge pump drive circuit according 
to claim 9, Wherein: 

the mode selection circuit determines When to change the 
mode of the multi-mode charge pump in accordance 
With one selected from a group consisting of the input 
voltage source, the drive voltage, and the error signal. 


