
(19) United States 
US 20010001231A1 

(12) Patent Application Publication (10) Pub. No.: US 2001/0001231 A1 
Rapp (43) Pub. Date: May 17, 2001 

(54) COMPARATOR CIRCUIT Publication Classi?cation 

(76) Inventor: Karl Rapp, Los Gatos, CA (US) (51) Int. Cl.7 ..................................................... .. G05F 1/10 
(52) US. Cl. .......................................... .. 327/536; 327/537 

Correspondence Address: 
Philip W. Woo 
Skjerven Morrill MacPherson LLP (57) ABSTRACT 
Suite 700 . . . . 

2 5 M etro Drive Acharge pump system includes a charge pumping circuit for 
San Jose CA 95110 (Us) outputting a high voltage VPP at a node. An oscillator circuit, 

’ coupled to the charge pumping circuit, drives the charge 
(21) APPL No. 09/759 817 pumping circuit With at least one clock signal. A current 

’ source generates a pulldoWn current. A voltage divider 
(22) Filed; Jam 10, 2001 circuit is coupled betWeen the node and the current source. 

The voltage divider circuit cooperates With the current 
Related US, Application Data source to form a feedback loop for controlling the oscillator 

circuit to run at variable, optimum frequency for controlling 
(62) Division of application No. 09/218,107, ?led on Dec. the rate-of-rise and the amplitude of the high voltage VPP 

21, 1998. While minimizing power-supply current drain. 
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COMPARATOR CIRCUIT 

CROSS-REFERENCE TO RELATED PATENTS 

[0001] This application relates to the subject matter dis 
closed in the following United States Patents: 

[0002] US. Pat. No. 5,583,425, entitled “Voltage Com 
parator With Controlled Output Current Proportional To 
Difference Voltage;” and 

[0003] US. Pat. No. 5,686,823, entitled “Bandgap Voltage 
Reference Circuit.” 

[0004] The above patents are assigned to the present 
Assignee and are incorporated herein by reference. 

TECHNICAL FIELD OF THE INVENTION 

[0005] This invention relates generally to the ?eld of 
charge pumps, and more particularly, to a loW-current charge 
pump system. 

BACKGROUND OF THE INVENTION 

[0006] Many integrated circuit (IC) devices, such as non 
volatile memories, include a high-voltage generator for 
generating a voltage (VPP) having a value greater than the 
supply voltage (VDD). According to previously developed 
techniques, such a high voltage generator typically employs 
a charge pump driven by a free-running oscillator in con 
junction With a voltage regulator. The oscillator may be 
implemented as a closed ring of an odd-number (e.g., seven 
or nine) of inverter stages. The voltage regulator limits the 
maXimum voltage value for VPP by comparing it—for 
eXample, via a resistance voltage divider circuit—to a ?xed 
reference voltage. When the divider voltage eXceeds the 
reference voltage, a shunt-IPP current path is established to 
pull doWn VPP until the comparator balance of the voltage 
regulator is satis?ed. 

[0007] Such previously developed techniques utiliZing 
current-shunting to regulate VPP are generally Wasteful and 
inef?cient. For eXample, although it is often desirable to 
have a rise time for VPP in the range of tens to hundreds of 
microseconds, the current shunting technique relies on 
shunting aWay pump current in eXcess of that required to 
charge load capacitance at the desired rate. In addition, the 
oscillator used to drive the charge pump eXpends large 
amounts of voltage supply current IDD (typically in the range 
of 2-5 mA), converting it to pump-output current IPP, usually 
at very loW ef?ciency (IPP/IDD). Furthermore, because the 
time delay of the inverter ring of a typical oscillator is 
designed to produce the minimum frequency necessary for 
the charge pump to reach the desired VPP under all possible 
conditions for voltage, temperature, and process, this mini 
mum frequency is generally set to a value sufficiently high 
(e.g., in the range of 2-15 MHZ) to ensure adequate control 
by the shunt regulator. For many sets of conditions, hoWever, 
this minimum frequency produces current greatly in eXcess 
of functional circuit requirements, draWing higher supply 
current than is necessary. 

SUMMARY 

[0008] The disadvantages and problems associated With 
previously developed techniques for generating and regu 
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lating the output of a high voltage generator have been 
substantially reduced or eliminated using the present inven 
tion. 

[0009] According to one embodiment of the present inven 
tion, a charge pump system includes a charge pumping 
circuit for outputting a high voltage VPP at a node. An 
oscillator circuit, coupled to the charge pumping circuit, 
drives the charge pumping circuit With at least one clock 
signal. A current source generates a pulldoWn current. A 
capacitor voltage divider circuit is coupled betWeen the node 
and the current source. The voltage divider circuit cooper 
ates With the current source to form a feedback loop for 
controlling the oscillator circuit to run at variable, optimum 
frequency for controlling the rate-of-rise and the amplitude 
of the high voltage VPP. 

[0010] According to another embodiment of the present 
invention, an oscillator circuit includes a current mirror 
Which receives a control signal and generates an output 
current signal in response. An inverter is coupled to the 
current mirror. A capacitor receives the output current signal 
of the current mirror through the inverter. A NOR gate 
receives the voltage developed across the capacitor and 
generates a clock signal. 

[0011] According to yet another embodiment of the 
present invention, a voltage divider circuit includes a ?rst 
capacitor coupled to a ?rst node at Which a high voltage VPP 
appears. A second capacitor is coupled in series to the ?rst 
capacitor at a second node, and a third capacitor is coupled 
in series to the second capacitor at a third node. A source 
folloWer, coupled to the second node, translates a voltage at 
the second node to a voltage having a value of approXi 
mately one-half VPP. 

[0012] According to still yet another embodiment of the 
present invention, a comparator circuit includes a ?rst 
source folloWer Which folloWs a supply voltage VDD. A 
second source folloWer folloWs a high voltage VPP. Acurrent 
mirror is coupled to the ?rst and second source folloWers. 
The current mirror pulls the voltage at a node to a ?rst value 
if the high voltage VPP is approximately equal to the supply 
voltage VDD, and pulls the voltage at the node to a second 
value if the high voltage VPP is greater than the supply 
voltage VDD, thereby comparing the high voltage VPP to the 
supply voltage VDD Without draWing current from the high 
voltage VPP. 
[0013] A technical advantage of the present invention 
includes providing a charge pump system Which outputs a 
VPP With high voltage value and yet requires a minimal 
amount of supply current (IDD) (e.g., less than 50 uA). 

[0014] Other aspects and advantages of the present inven 
tion Will become apparent from the folloWing descriptions 
and accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] For a more complete understanding of the present 
invention and for further features and advantages, reference 
is noW made to the folloWing description taken in conjunc 
tion With the accompanying draWings, in Which: 

[0016] FIG. 1 is a schematic diagram in partial block form 
of a loW-current charge pump system, in accordance With an 
embodiment of the present invention; 
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[0017] FIG. 2 is a schematic diagram of an exemplary 
embodiment for a charge pumping circuit; 

[0018] FIG. 3 is a schematic diagram of an exemplary 
embodiment for an oscillator circuit, in accordance With an 
embodiment of the present invention; 

[0019] FIG. 4 is a schematic diagram of a voltage divider 
circuit, in accordance With an embodiment of the present 
invention; and 

[0020] FIG. 5 is a schematic diagram of an exemplary 
embodiment for a sWitch circuit and a comparator circuit, in 
accordance With an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0021] The preferred embodiments of the present inven 
tion and their advantages are best understood by referring to 
FIGS. 1 through 5 of the draWings. Like numerals are used 
for like and corresponding parts of the various draWings. 

[0022] With the present invention, a charge pump system 
outputs a VPP With high voltage value and yet requires a total 
supply current (IDD) of less than 50 uA. Approximately 
one-half of this current may be used for a reference voltage 
generator circuit (described beloW). Hence, the average 
current used for the oscillator circuit is less than 25 uA, 
Which is substantially less (e.g., by a factor of 100) than With 
previously developed techniques. 

[0023] To achieve this large reduction in current, the 
present invention utiliZes one or more of the folloWing 
strategies: (1) minimiZing the number of moving nodes in 
the charge pump system, (2) minimiZing the rate at Which 
the voltage potential of the moving nodes changes, and (3) 
having no static current drain on the VPP Which is generated. 

[0024] The ?rst and second strategies minimiZe dynamic 
supply-current drain. In general, dynamic supply current 
(Idynamic) is proportional to the total capacitance (C) being 
charged/discharged in the charge pump system, the charging 
voltage (V) Which is typically supply voltage VDD, and the 
frequency at Which the current changes. In particular, the 
value for dynamic supply-current is given by the folloWing 
equation: 

[dynamic 
[0025] To implement the ?rst strategy, in one embodiment 
of the present invention, a charge pump system incorporates 
an oscillator circuit Which is designed to minimiZe the 
number of moving nodes in the charge pump system. The 
oscillator circuit is generally the main source of VDD 
dynamic-current drain in a charge pump system. 

[0026] To implement the second strategy, in another 
embodiment of the present invention, a charge pump system 
incorporates a feedback loop. The feedback loop is used to 
control the frequency of a clock signal fed into a charge 
pumping circuit Which outputs voltage VPP. The frequency 
of the clock signal is optimiZed during risetime of VPP and 
goes to Zero once a desired voltage level for VPP is reached. 
The feedback loop comprises a number of different ele 
ments, the parameters for Which are selected to produce the 
optimal frequency. 

[0027] To implement the third strategy, in yet another 
embodiment of the present invention, a charge pump system 
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incorporates a voltage divider circuit having a source fol 
loWer poWered by VPP. The source folloWer outputs a 
voltage having a value of approximately one-half VPP on a 
corresponding bus. The half-VPP bus is arranged to be pulled 
to ground When the charge pump system is not active. 
Accordingly, no pulldoWn is required for the source fol 
loWer, and hence this circuit draWs no current from VPP. 
Thus, a voltage of one-half VPP is made available With no 
current drain on VPP. 

[0028] Each of these embodiments for implementing the 
three strategies are described beloW in more detail. 

[0029] Charge Pump System 
[0030] FIG. 1 is a schematic diagram in partial block form 
of a loW-current charge pump system 2, in accordance With 
an embodiment of the present invention. Charge pump 
system 2 can be incorporated into an IC device, such as an 
electrically erasable programmable read-only memory 
(EEPROM). Charge pump system 2 generally functions to 
generate a voltage VPP that is higher than a supply voltage 
VDD. If charge pump system is incorporated into an 
EEPROM, voltage VDD is used during normal operation, 
and voltage VPP can be used during actual programming. 

[0031] Voltage VPP appears at a node A and may have a 
value of approximately 16V. Voltages VPP and VDD can be 
alternatively placed on a voltage VDD/VPP bus 4. In particu 
lar, a sWitch 6 is operable to connect voltage VDD to 
VDD/VPP bus 4, and a sWitch 8 is operable to connect voltage 
VPP to VDD/VPP bus 4. 

[0032] Charge pump system 2 includes a charge pumping 
circuit 12 Which outputs voltage VPP. Charge pumping 
circuit 12 may comprise a series of rectifying devices and, 
in one embodiment, can be implemented With capacitors and 
diode-connected transistors according to a conventional 
technique. 

[0033] An oscillator circuit 14 is coupled to charge pump 
ing circuit 12. As used herein, the terms “connected, 
”“coupled,” or any variant thereof, means any connection or 
coupling, either direct or indirect, betWeen tWo or more 
elements. Oscillator circuit 14 generally functions to drive 
charge pumping circuit 12. In particular, oscillator circuit 14 
may generate tWo non-overlapping, oscillating clock signals 
(D1 and (D2, each of Which has a corresponding frequency and 
may comprise a square Wave signal. Clock signals (D1 and 
(D2 are input into charge pumping circuit 12 to alternately 
apply voltages across the diode-connected transistors con 
tained therein, thus pumping charge through the rectifying 
elements; this causes the voltage at node Ato rise to the VPP 
voltage level. The rate at Which VPP can be generated is 
directly proportional to the frequency of clock signals (D1 
and (D2. 

[0034] A comparator circuit 16 is coupled to oscillator 
circuit 14. Comparator circuit 16 functions to compare a 
scaled-doWn version of the VPP voltage against a reference 
voltage (Vref) described beloW. These voltages may be 
applied at nodes B and C, respectively, Which are connected 
to the input terminals of comparator circuit 16. Comparator 
circuit 16 generates a control current ICNTL signal, the value 
of Which is proportional in magnitude to the difference 
betWeen the reference voltage and the scaled-doWn VPP 
voltage and Which decreases to Zero When the tWo voltages 
are equal. Control current ICNTL signal is input into oscillator 
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circuit 14 and establishes the frequency of clock signals (D1 
and (I)2 output by oscillator circuit 14. In one embodiment, 
comparator circuit 16 can be implemented as the circuit 
shoWn and described in Us. Pat. No. 5,583,425, entitled 
“Voltage Comparator With Controlled Output Current Pro 
portional To Difference Voltage,” Which is incorporated 
herein by reference. 

[0035] A reference voltage generator circuit 18 is coupled 
to one of the input terminals of comparator circuit 16 at node 
C. Reference voltage generator circuit 18 generates the 
reference voltage (Vref) against Which the scaled-doWn 
version of VPP voltage is compared. The value of the 
reference voltage is preferably constant. In one embodiment, 
reference voltage generator circuit 18 can be implemented as 
the bandgap reference voltage generator shoWn and 
described in US. Pat. No. 5,686,823, entitled “Bandgap 
Voltage Reference Circuit,” Which is incorporated herein by 
reference. Alternatively, reference voltage generator circuit 
18 can be implemented according to conventional tech 
niques Well-knoWn to those skilled in the art. 

[0036] A voltage divider circuit 20 divides the voltage at 
node A. One result of such division is the scaled-doWn VPP 
voltage. Voltage divider circuit 20 comprises a ?rst capacitor 
22 and a second capacitor 24 Which have respective values 
of “C1” and “C2.” Capacitors 22 and 24 are connected in 
series betWeen node A and a node D. A top terminal of 
voltage divider circuit 20 is coupled to the output terminal 
of charge pumping circuit 12 at node A. Atap-point terminal 
of voltage divider circuit 20 lies betWeen capacitors 22 and 
24. The scaled-doWn VPP voltage appears at the tap-point 
terminal, and its voltage value is related to the values C1 and 
C2 of capacitors 22 and 24, respectively. Abottom terminal 
of voltage divider circuit 20 is located at node D. 

[0037] A sWitch 26 sWitchably connects the tap-point 
terminal of voltage divider circuit 20 betWeen nodes B and 
C, thereby alternately coupling the tap-point terminal to one 
input terminal of comparator circuit 16 and the output 
terminal of reference voltage generator circuit 18 (Which 
coincides With the other input terminal of comparator circuit 
16). AsWitch 28 sWitchably connects the bottom terminal of 
voltage divider circuit 20, Which coincides With node D, 
betWeen node C and a node E. This alternately couples the 
bottom terminal of voltage divider circuit 20 to the output 
terminal of reference voltage generator circuit 18 (one input 
terminal of comparator circuit 16) and a current source 30 

(described beloW). 
[0038] Current source 30 has an input terminal at node E 
Which is sWitchably connected to voltage divider circuit 20. 
Current source 30 generates a pulldoWn current IpulldOWn 
Which functions to pull doWn the bottom terminal of voltage 
divider circuit 20. 

[0039] Collectively, current source 30 and voltage divider 
circuit 20 support a feed-back loop for charge pump system 
2. The values C1 and C2 of capacitors 22 and 24, respec 
tively, in voltage divider circuit 20 can be selected so that the 
feed-back loop causes VPP to rise at the desired rate and to 
be limited to the desired amplitude by nullifying the ten 
dency of the tap-point terminal to move. In other Words, both 
the rate of rise of VPP and the ?nal value of VPP can be 
controlled by the parameters of capacitors 22 and 24, current 
source 30, and the value of Vref, as described beloW in more 
detail. 

May 17, 2001 

[0040] In operation, charge pump system 2 is kept in a 
standby position until the high voltage VPP is needed. In 
standby position, sWitch 6 connects voltage source VDD to 
VDD/VPP bus 4 (so that voltage value VDD appears on the 
bus), and sWitch 8 connects node A to ground (GND). 
Furthermore, sWitch 26 connects the tap-point terminal of 
voltage divider circuit 20 to node C, and sWitch 28 connects 
the bottom terminal of voltage divider circuit 20 also to node 
C. Capacitor 24 has no charge because both of its terminals 
are at reference voltage Vref. 

[0041] Charge pump system 2 does not generate the high 
voltage VPP until such voltage is needed. For example, if 
charge pump system 2 is incorporated into an EEPROM, 
high voltage VPP Would be needed for programming. 

[0042] When the high voltage VPP is required, charge 
pump system 2 is activated, and sWitch 6 is moved to 
disconnect voltage source VDD from VDD/VPP bus 4, and 
sWitch 8 is moved to connect node A to the bus. SWitch 26 
is moved to connect the tap-point terminal of voltage divider 
circuit 20 to node B, and sWitch 28 is moved to connect the 
bottom terminal of circuit 20 to current source 30. 

[0043] Both the tap-point terminal and the bottom terminal 
of voltage divider circuit 20, initially held in standby posi 
tion at the ?xed reference-voltage potential Vref, are 
released. Current source 30 generates IpulldOWn Which pro 
ceeds to pull the voltage at the bottom terminal toWard 
ground potential. As the voltage at the bottom terminal is 
pulled doWn, the voltage at the tap point terminal attempts 
to folloW, thus unbalancing comparator circuit 16 Which 
compares the voltage at the tap-point terminal With the ?Xed 
reference potential Vref. Comparator circuit 16 outputs cur 
rent ICNTL, Which is proportional in magnitude to the 
difference betWeen the voltages of the tap-point terminal and 
Vref and decreases to Zero at balance. ICNTL establishes the 
frequency of oscillator circuit 14 Which begins to drive 
charge pumping circuit 12. In response, charge pumping 
circuit 12 starts to raise VPP. That is, charge pumping circuit 
12 begins to pump up the voltage at node A. 

[0044] As charge pumping circuit 12 starts, the top termi 
nal of voltage divider circuit 20 (connected to the output of 
the charge pumping circuit 12) rises from ground potential. 
As IpulldOWn proceeds to pull doWn the bottom terminal of 
voltage divider circuit 20, the voltage at the tap point 
terminal attempts to folloW. The change in VPP, coupling 
through capacitor 22 of voltage divider circuit 20, tends to 
cancel the movement of the tap point terminal. The feedback 
loop (supported by voltage divider circuit 20 and current 
source 30) causes the VPP ramp rate to proportionally folloW 
the rate of descent of the bottom terminal. When the bottom 
terminal reaches ground, VPP stops rising. Since the change 
in charge of the top capacitor 22 must equal the change in 
the bottom capacitor 24, the VPP level is set by the value 
(C1/C2)*VIef. The VPP rise time, Which is equal to the time 
for the bottom terminal to reach ground, is thus set by the 
value C2*VIef/IpundOWn. Accordingly, charge pump system 2 
can be designed With suitable values for C2, Vref, and 
I so that VPP rises at a desired ramp rate. 
pu?down 

[0045] Because of the feedback con?guration, oscillator 
circuit 14 is controlled to run at the minimum frequency for 
clock signals (D1 and (I)2 needed to sustain the ramp (typi 
cally less than 100 kHZ), thus minimiZing dynamic current 
drain. When VPP stabiliZes, oscillator circuit 14 stops com 



US 2001/0001231 A1 

pletely, then brie?y turns on only occasionally to accom 
modate any leakage current draWn from VPP. 

[0046] To achieve the desired ramp rates, the required 
ratio of C2 to IpulldOWn may be quite high. That is, because 
practical minimum values for controllable currents in IC 
devices lie in the range of 10-100 nA, capacitor 24 ordinarily 
Would be required to be quite large (e.g., 200-300 pF). 
HoWever, in accordance With an embodiment of the present 
invention, current source 30 may be controlled With duty 
cycle so that the siZe of capacitor 24 may be reduced. 
Speci?cally, by using a periodic control With duty cycle (D) 
for I the value of C2 can be decreased by a factor of 
D. 

pulldown’ 

[0047] Charge Pumping Circuit 

[0048] FIG. 2 is a schematic diagram of an exemplary 
embodiment for charge pumping circuit 12 shoWn in FIG. 1. 
As shoWn, charge pumping circuit 12 comprises a series of 
n-type transistors 32 coupled betWeen VDD and VPP. The 
gate of each of transistors 32 is coupled to the drain of the 
same transistor 32 and also to the gate of a separate n-type 
transistor 34. The source and drain of each transistor 34 is 
coupled to oscillator circuit 14 and receives either the (D1 or 
(I)2 clock signal. With this arrangement, charge pumping 
circuit 12 comprises a series of rectifying devices Which 
pump up the voltages of the nodes betWeen VDD and VPP 
along the series comprising transistors 32. 

[0049] Oscillator Circuit 

[0050] FIG. 3 is a schematic diagram of an exemplary 
embodiment for oscillator circuit 14, in accordance With an 
embodiment of the present invention. Oscillator circuit 14 
generates tWo non-overlapping, oscillating clock signals (D1 
and (D2. 

[0051] As depicted, oscillator circuit 14 comprises tWo 
current mirrors 36. Current mirrors 36 re?ect the current 
ICNTL Which is output by comparator circuit 16 (FIG. 1) and 
directly proportional to the difference betWeen Vref and the 
scaled-doWn VPP voltage. Each current mirror 36 comprises 
a p-type transistor 38 Which receives the ICNTL mirror 
voltage at its gate. Each current mirror 36 outputs a respec 
tive output current signal. 

[0052] A separate inverter 40 is coupled a respective 
current mirror 36. Each inverter 40 comprises a p-type 
transistor 42 and an n-type transistor 44, the gates of Which 
are coupled together at a respective node F. The output of 
each inverter 40 is coupled to a respective capacitor 46 at a 
respective node G. The values for capacitors 46, in conjunc 
tion With the values of the re?ected ICNTL currents, can be 
selected to provide a desired timing for the (D1 and (I)2 clock 
signals. 

[0053] Aseparate NOR gate 48 receives the output current 
signal from a respective current mirror 36 through a respec 
tive inverter 40; With this arrangement, each current mirror 
36 controls the amount of current delivered to the respective 
capacitor 46, thus de?ning the voltage at the input of NOR 
gate 48. The gates of transistors 42 and 44 in each inverter 
40 is coupled to the respective NOR gate 48 at the respective 
node F. The output of each NOR gate 48 appears at the 
respective node F of the other NOR gate 48. The output of 
one of NOR gates 48 is the (D1 clock signal, and output of 
the other NOR gate 48 is the (I)2 clock signal. 
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[0054] Each NOR gate 48 comprises a ?rst n-type tran 
sistor 50 and a second n-type transistor 52. If the voltage 
appearing at the gate of either of these transistors 50 or 52 
is high, the value of the respective output clock signal is 
pulled loW. For each NOR gate 48, a series of p-type 
transistors 54, 56, and 58 pull up the voltage value of the 
respective output clock signal. 

[0055] With transistors 54, 56, and 58 connected as 
shoWn, hysteresis is created at nodes F. With this hysteresis, 
the trip point for each inverter 40 Will differ depending on 
Whether the voltage at the respective node F is increasing or 
decreasing. As such, each inverter 40 functions as a Schmitt 
trigger in Which the output voltage level is binary, is 
determined by the magnitude of the input signal, and is 
independent of the input signal Waveform. This provides 
stability against noise. 

[0056] The design for oscillator circuit 14 described herein 
minimiZes the number of moving nodes in charge pump 
system 2, thereby conserving dynamic current (the value of 
Which is given by the equation Idynamic=CVf as described 
above). Speci?cally, functioning as Schmitt triggers, invert 
ers 40 monitor the voltages developed across timing capaci 
tors 46, Which are alternately charged by a current propor 
tional to ICNTL (provided by comparator circuit 16 shoWn in 
FIG. 1). Inverters 40 control the charging sequence, dis 
charging one capacitor 46 While simultaneously monitoring 
the rising voltage on the other. When the rising voltage 
reaches the trip point for the Schmitt trigger, such inverter 40 
sWitches and the tWo charging circuits change roles. The 
timing capacitors 46 can be made very small so that the 
current re?ected from the frequency-control current ICNTL 
from comparator circuit 16 can be minimiZed. 

[0057] In this embodiment, oscillator circuit 14 carries out 
an oscillating operation by feeding back the outputs of 
inverters 40 With respective capacitors 46, thereby inverting 
the input signals to the same inverters. When the signals pass 
through the inverters 40, the timing is controlled so as to 
vary the oscillation frequency. That is, if the signal trans 
mission time of an inverter 40 is extended, then the fre 
quency of the respective clock signal (CI)1 or (D2) is 
decreased, While if the signal transmission time is shortened, 
the frequency is increased. 

[0058] Voltage Divider Circuit 

[0059] FIG. 4 is a schematic diagram of circuit for an 
alternative voltage divider circuit 60, in accordance With 
another embodiment of the present invention. Voltage 
divider circuit 60 can be used as an alternative to voltage 
divider circuit 20 shoWn in FIG. 1. Voltage divider circuit 60 
divides the voltage at node A (at Which VPP appears) , and 
can be used to generate a voltage level of approximately 
one-half VPP (as described beloW in more detail). 

[0060] As depicted, voltage divider circuit 60 comprises a 
plurality of capacitors 62, 64, and 66 coupled in series 
betWeen node A and a node H. Capacitors 62, 64, and 66 
have respective values of “C1a,”“C1b,” and “C2.” A?rst tap 
point terminal is located betWeen capacitors 64 and 66, and 
a second tap point terminal is located betWeen capacitors 62 
and 64. At the ?rst tap point terminal, voltage divider circuit 
60 can be connected to comparator circuit 16 (FIG. 1). 

[0061] A current source 68, coupled betWeen capacitor 66 
and ground, outputs current IpulldOWn Which pulls doWn the 
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voltage at node H. An n-type transistor 70 is coupled at its 
drain to node A, at its gate to the second tap point terminal, 
and at its source to a node I. At node I, the voltage value of 
approximately one-half VPP can be generated by voltage 
divider circuit 60. AsWitch 72 can be closed to connect node 
I to ground. 

[0062] In operation, When charge pump system 2 is active, 
sWitch 72 is open so that node I “?oats.” The voltage at the 
?rst tap point terminal is maintained at approximately the 
value of the reference voltage (Vref). The voltage at the 
second tap point terminal is a divided or scaled-doWn replica 
of VPP. This voltage appears at the gate of transistor 70 
Which functions as a source folloWer. Transistor 70 trans 

lates the voltage at the second tap point to a voltage of 
approximately one-half VPP at node I. 

[0063] One purpose for generating a voltage of approxi 
mately one-half VPP is as folloWs. Some semiconductor 
technologies employ p-type transistors incapable of With 
standing drain-to-source voltages as high as VPP. In such 
case, tWo p-type transistors are used. The p-type transistors 
are connected in series as an upper transistor and a loWer 
transistor. The upper transistor, With its source and its N-Well 
substrate connected to VPP, is the active sWitching transistor. 
The loWer transistor has a separate N-Well substrate con 
nected to its source. The gate of the loWer transistor is 
connected to a non-sWitching bias voltage equal to approxi 
mately one-half VPP voltage so that its source and substrate 
can rise no higher than a p-channel threshold above the 
half-VPP voltage level. Accordingly, neither transistor is 
required to support a voltage of more than one-half VPP. 

[0064] With many previously developed techniques, the 
half-VPP bias voltage is derived from VPP using a resistive 
divider. Such resistive divider may be implemented With 
linear resistors or stacked, diode-connected transistors. In 
either case, the resistive divider draWs quasi-static current 
(IPP) from VPP. Because charge-pump ef?ciency (IPP/IDD) 
inherently is loW, current drain IDD from supply voltage VDD 
is signi?cantly increased. 

[0065] In contrast to previous techniques, voltage divider 
circuit 60 depicted in FIG. 4 provides a one-half VPP voltage 
With no IDD current demand. With the capacitor divider of 
capacitors 62, 64, and 66, the second tap point terminal can 
be used as the input to the source folloWer (comprising 
transistor 70) poWered by VPP. The output of the source 
folloWer then provides a voltage of approximately one-half 
VPP. No pulldoWn is required for the source folloWer as VPP 
rises, and hence it draWs no current from VPP. Node I is 
pulled to ground When charge pump system 2 is not active. 
Thus, a voltage value of one-half VPP is made available With 
no current drain on VPP. 

[0066] SWitch Circuit and Comparator Circuit 

[0067] FIG. 5 is a schematic diagram of an exemplary 
embodiment for a sWitch circuit 74 and a comparator circuit 
76, in accordance With an embodiment of the present inven 
tion. SWitch circuit 74 and comparator circuit 76 can be used 
to implement the sWitching function of sWitches 6 and 8 of 
charge pump system 2. 

[0068] SWitch circuit 74 enables node A (at Which VPP 
appears) to be at ground potential and VDD/VPP bus 4 to be 
at VDD potential during standby position (and at the begin 
ning of active position). SWitch circuit 74 comprises a ?rst 
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n-type transistor 76 and a second n-type transistor 78, the 
gates of Which are coupled together at a node J. One end of 
each of transistors 76 and 78 is coupled to node A; the 
opposing end of transistor 78 is coupled directly to VDD/VPP 
bus 4, and the opposing end of transistor 76 is coupled 
through a resistor 80 to VDD/VPP bus 4. 

[0069] Comparator circuit 76 compares the voltage value 
of VPP at node A against the voltage value of supply VDD. 
Comparator circuit 76 comprises n-type transistors 82 and 
84. VPP is applied at the gate of transistor 82, and VDD is 
applied at the gate of transistor 84. The drains of transistors 
82 and 84 are connected to VDD. The sources of transistors 
82 and 84 are connected to the sources of p-type transistors 
86 and 88 at nodes K and L, respectively. In this arrange 
ment, transistors 82 and 84 operate as source folloWers. That 
is, the voltage at node K folloWs VPP, and the voltage at node 
L folloWs VDD. The gates of transistors 86 and 88 are 
connected together, and coupled to the drain of transistor 88. 
As such, transistors 86 and 88 implement a current mirror. 
The drains of transistors 86 and 88 are connected to the 
drains of n-type transistors 92 and 94, respectively. The 
dimensions for transistors 92 and 94 can be selected so that 
the current Which ?oWs through transistor 86 is someWhat 
larger than (e.g., tWice) that Which ?oWs through transistor 
88. The sources of transistors 92 and 94 are connected to 
ground, and the gates of these transistors receive a current 
mirror reference voltage. The gate of an n-type transistor 90 
is connected to the gates of transistors 86 and 88. The source 
and drain of transistor 90 are connected to ground. Transistor 
90 serves as a capacitor, helping to hold the voltage constant 
at the gate of transistor 86. 

[0070] An inverter 96 is coupled at its input terminal (at a 
node M) to comparator circuit 76. The output terminal of 
inverter 96 is connected to node J so that the inverter output 
is applied to the gates of transistors 76 and 78 of sWitch 
circuit 74. 

[0071] In operation, sWitch circuit 74 alloWs the voltage 
VPP at nodeAto be at ground potential in standby (as required 
by charge pump system 2 of FIG. 1) While connecting 
VDD/VPP bus 4 to VDD at that time. In particular, When the 
charge pump system 2 is turned off (i.e., sWitched from 
active position to standby position), a path is established to 
pull the pump output at node A to ground at a designed rate 
of decline. VDD/VPP bus 4 is connected to node A, and 
accordingly, is discharged. When the voltage potential of 
VDD/VPP bus 4 reaches VDD, sWitch circuit 74 opens the path 
betWeen node A and VDD/VPP bus 4 and substitutes a path to 
VDD via transistors 96 and 100. 

[0072] In operation for comparator circuit 76, if VPP is 
equal to VDD, Which is approximately the trip point for 
comparator circuit 76, then the voltages at nodes K and L 
Will be approximately equal. If transistors 86 and 88 are 
equal in siZe and the current Which ?oWs through transistor 
86 is tWice as large as the current Which ?oWs through 
transistor 88, the voltage at node M is pulled to ground. On 
the other hand, if VPP is greater than VDD, the voltage at 
node K Will be greater than the voltage at node L. Transistor 
86 can conduct more current because its source is being held 
higher. This causes the voltage at node M to go to a high 
value. As described herein, comparator circuit 76 operates 
Without draWing current from VDD/VPP bus 4. 

[0073] The embodiments of the present invention 
described herein minimiZe or reduce current drain in a 
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charge pump system Which outputs a high voltage VPP. With 
these embodiments, a total supply current (IDD) of less than 
50 uA is required. Accordingly, the present invention pro 
vides a distinct technical advantage over previously devel 
oped techniques and systems. 

[0074] While particular embodiments of the present 
invention have been shoWn and described, it Will be obvious 
to those skilled in the art that changes and modi?cations may 
be made Without departing from this invention in its broader 
aspects and, therefore, the appending claims are to encom 
pass Within their scope all such changes and modi?cations as 
fall Within the true spirit and scope of this invention. 

What is claimed is: 
1. A charge pump system comprising: 

a charge pumping circuit operable to output a high voltage 
VPP at a node; 

an oscillator circuit coupled to the charge pumping circuit, 
the oscillator circuit operable to drive the charge pump 
ing circuit With at least one clock signal; 

a current source operable to generate a pulldoWn current; 
and 

a voltage divider circuit coupled betWeen the node and the 
current source, the voltage divider circuit cooperating 
With the current source to form a feedback loop for 
controlling the oscillator circuit to run at variable, 
optimum frequency for controlling the rate-of-rise and 
the amplitude of the high voltage VPP. 

2. The charge pump system of claim 1 Wherein the voltage 
divider circuit comprises a ?rst capacitor and a second 
capacitor coupled in series betWeen the node and the current 
source. 

3. The charge pump system of claim 1 Wherein the voltage 
divider circuit divides the high voltage VPP to produce a 
scaled-doWn voltage. 

4. The charge pump system of claim 3 further comprising 
a comparator circuit coupled to the oscillator circuit and the 
voltage divider circuit, the comparator circuit operable to 
compare the scaled-doWn voltage against a reference voltage 
and to output a control current in response. 

5. The charge pump system of claim 1 Wherein the 
oscillator circuit comprises: 

a current mirror operable to generate an output current 
signal; and 

a NOR gate receiving the output current signal from the 
current mirror, the NOR gate operable to output the at 
least one clock signal. 

6. The charge pump system of claim 5 Wherein the 
oscillator circuit further comprises an inverter coupled 
betWeen the current mirror and the NOR gate. 

7. An oscillator circuit comprising: 

a current mirror operable to receive a control signal and 
to generate an output current signal in response; 

an inverter coupled to the current mirror; 

a capacitor receiving the output current signal through the 
inverter; and 
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a NOR gate receiving the voltage developed across the 
capacitor and generating at least one clock signal. 

8. The oscillator circuit of claim 7 Wherein the inverter is 
operable to control charging and discharging of the capaci 
tor. 

9. A voltage divider circuit comprising: 

a ?rst capacitor coupled to a ?rst node at Which a high 
voltage VPP appears; 

a second capacitor coupled in series to the ?rst capacitor 
at a second node; 

a third capacitor coupled in series to the second capacitor 
at a third node; and 

a source folloWer coupled to the second node, the source 
folloWer operable to translate a voltage at the second 
node to a voltage having a value of approximately 
one-half VPP. 

10. The voltage divider circuit of claim 9 Wherein the 
source folloWer comprises a transistor having a gate coupled 
to the second node, one end coupled to the ?rst node, and 
another end coupled to a fourth node at Which the voltage 
having a value of approximately one-half VPP appears. 

11. The voltage divider circuit of claim 9 further com 
prising a current source coupled to the third capacitor at a 
?fth node, the current source operable to generate a pull 
doWn current for pulling doWn a voltage at the ?fth node. 

12. A comparator circuit comprising: 

a ?rst source folloWer Which folloWs a supply voltage 

VDD; 
a second source folloWer Which folloWs a high voltage 

VPP; and 

a current mirror coupled to the ?rst and second source 
folloWers, the current mirror for pulling the voltage at 
a node to a ?rst value if the high voltage VPP is 
approximately equal to the supply voltage VDD, the 
current mirror for pulling the voltage at the node to a 
second value if the high voltage VPP is greater than the 
supply voltage VDD, thereby comparing the high volt 
age VPP to the supply voltage VDD Without draWing 
current from the high voltage VPP. 

13. The comparator circuit of claim 12 Wherein each of 
the ?rst and second source folloWers comprises an n-type 
transistor. 

14. The comparator circuit of claim 12 Wherein the 
current mirror comprises tWo p-type transistors. 

15. The comparator circuit of claim 12 further compris 
ing: 

a ?rst transistor coupled to one branch of the current 

mirror; 
a second transistor coupled to another branch of the 

current mirror; and 

the ?rst and second transistors having dimensions such 
that current ?oWing through the ?rst transistor is larger 
than that ?oWing through the second transistor. 


