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VOLTAGE BLOCKING METHOD AND 
APPARATUS FOR A CHARGE PUMP WITH DIODE 
CONNECTED PULL-UP AND PULL-DOWN ON 

BOOT NODES 

[0001] This application is a continuation-in-part of US. 
Ser. No. 09/137,977, entitled “Charge Pump Apparatus With 
Diode Connected Pull-Up on Boot Nodes”, ?led Aug. 21, 
1998. 

FIELD OF THE INVENTION 

[0002] The present invention pertains to the ?eld of com 
puter systems. More particularly, this invention pertains to 
the ?eld of providing a charge pump for generating high 
voltages and high currents for erasing and programming 
?ash electrically-erasable programmable read only memory 
arrays (?ash EEPROMs). 

BACKGROUND OF THE INVENTION 

[0003] Flash EEPROMs play prominent and increasing 
roles in today’s computer systems. Flash EEPROMs must be 
able to operate in computer systems Where a supply voltage 
(Vcc) of 5V, 3V, or even smaller voltage is available to the 
EEPROM devices. HoWever, performing program and erase 
operations Within an EEPROM device requires that greater 
voltages than that supplied to the EEPROM be applied to the 
memory cells Within the EEPROM. For example, a program 
operation might require that approximately 10.5V be applied 
to a memory cell. Avoltage of approximately —10.5V might 
be required to perform an erase operation. These voltages 
are achieved Within the EEPROM device by charge pump 
circuits. A positive charge pump can take a supplied Vcc 
voltage and create a voltage sufficient for programming 
operations. A negative charge pump can take a supplied 
ground voltage and create a negative voltage suf?cient for 
erase operations. The negative and positive charge pumps 
must also be able to deliver suf?cient current at the required 
voltage levels. 

[0004] FIG. 1 shoWs a typical prior art positive charge 
pump 130. The charge pump 130 includes a number of 
stages of N type ?eld effect transistors 131, 132, 133, and 
134 connected in series betWeen a source voltage Vcc and an 
output terminal Vout. Clock signals 1 and 3 are supplied to 
the circuit 130 from sources 1 and 3, respectively, via 
capacitors 136, 137, and 138. Clock signals 2 and 4 are 
supplied to the circuit 130 from sources 2 and 4, respec 
tively, via capacitors 140, 141, and 142. Each stage of the 
circuit 130 includes an N channel ?eld effect transistor 
device 143, 144, or 145 used to control the voltage at the 
gate terminal of the device 131, 132, or 133 of that stage. 

[0005] FIG. 2 shoWs the clock signals referred to as clock 
1, clock 2, clock 3, and clock 4 associated With the circuit 
130. In order to understand the operation of the circuit 130, 
the operation of a single stage including the sWitching 
transistor 132 Will be discussed. FolloWing the prior art 
timing diagram of FIG. 2, clocks 3 and 4 are initially high. 
Because clock 3 is high, the control device 144 is initially 
on. When the clock 1 signal goes high, the voltage pulse 
applied through the capacitor 136 charges the capacitor 141 
at the gate terminal of the device 132 through the device 144 
to the voltage level of the gate terminal of the device 144 
minus a threshold voltage drop. When the clock 3 then goes 
loW, the device 144 turns off, isolating the gate of the device 
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132 and leaving the capacitor 141 charged. This also loWers 
the voltage at the source of the device 132 so that the device 
132 begins to conduct. When the clock 2 then goes high, the 
voltage at the gate is appreciably higher than at the drain 
because of the precharging of the capacitor 141. This turns 
the device 132 on in the region Where it experiences no 
threshold voltage drop. The elimination of the threshold 
voltage drop means that the circuit can provide increased 
current from the capacitor 136 to the next stage. The high 
voltage at the capacitor 136 begins to charge the capacitor 
137 and to discharge the capacitor 142 through the device 
145. 

[0006] When the clock 2 then goes loW, the device 132 
begins to turn off. When the clock 3 goes high, the device 
144 turns on discharging the gate of the device 132 and 
bringing it toWard the voltage of the drain so that the device 
132 turns off. When the clock 1 then goes loW, the device 
132 stays off and the device 144 stays on so that the charge 
at the drain and gate are equaliZed. 

[0007] VieWing the circuit as a Whole, When the device 
131 comes on in response to the high clock 4, its gate has 
been charged through the device 143 Which has gone off. 
Thus, the device 131 turns on Without a threshold voltage 
drop and charges the capacitor 136 rapidly. Then the device 
131 begins to turn off as the clock 4 goes loW. The rising 
clock 1 pulse completes the turnoff of the device 131 by 
discharging the capacitor 140 through the device 143. The 
high clock 1 continues the charging of the capacitor 141 
until the drop of the clock 3 turns off the device 144 leaving 
the gate of the device 132 charged. The loWering of the clock 
3 begins turning on the device 132 Which comes on com 
pletely Without a threshold voltage drop When the clock 2 
goes high and the gate of the device 132 goes above the 
drain. This alloWs the charging of the capacitor 137. The 
same sequence continues through Whatever number of 
stages are present until the charge on the capacitor 138 is 
suf?cient to turn on the device 134 to provide a pumped 
voltage level at the output of the circuit 130. It should be 
noted that the last stage operates in a range in Which it 
experiences a threshold voltage drop. 

[0008] In addition to experiencing a threshold voltage 
drop in the last stage, prior pump circuits such as that 
discussed above have the disadvantage of being unable to 
provide adequate current When required to operate With 
supply voltages beloW approximately 3 V. For example, the 
pump circuit 130 discussed above Would be unable to 
produce adequate current When supplied With 1.8 V and 
pumping up to a voltage of 10.5 V. An analogous situation 
exists With prior negative charge pumps, Where a negative 
pump may need to pump to a voltage of approximately 
—12.5 VWhen a supply voltage of 1.8 V is supplied to a ?ash 
EEPROM. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The invention Will be understood more fully from 
the detailed description given beloW and from the accom 
panying draWings of embodiments of the invention Which, 
hoWever, should not be taken to limit the invention to the 
speci?c embodiments described, but are for explanation and 
understanding only. 
[0010] FIG. 1 shoWs a typical implementation of a prior 
art charge pump circuit. 
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[0011] FIG. 2 shows a timing diagram of clock signals 
used in connection With the prior art charge pump circuit of 
FIG. 1. 

[0012] FIG. 3 is a circuit diagram of one embodiment of 
a positive charge pump circuit. 

[0013] FIG. 4 shoWs a timing diagram of clock signals 
used in connection With the circuit of FIG. 3. 

[0014] FIG. 5 is a circuit diagram of one embodiment of 
a negative charge pump circuit. 

[0015] FIG. 6 shoWs a timing diagram of clock signals 
used in connection With the circuit of FIG. 5. 

DETAILED DESCRIPTION 

[0016] One embodiment of a positive charge pump stage 
provides a charge pump stage circuit With diode connected 
pull-up and pull-doWn on a boot node. The pull-up includes 
a diode connected transistor Which serves to precharge the 
gate of a sWitching transistor. The precharging of the sWitch 
ing transistor alloWs the transistor to operate in a region that 
alloWs voltage transfer from the current stage to the neXt 
stage Without a threshold voltage drop across the sWitching 
transistor. The pull-doWn includes a diode-connected tran 
sistor that ensures that the sWitching transistor Will turn off 
once the voltage transfer has occurred, thereby preventing 
current from ?oWing from the neXt stage back to the current 
stage. The pull-up and pull-doWn diode-connected transis 
tors may be used in negative charge pumps in an analogous 
manner. Detailed discussions of both positive and negative 
charge pump embodiments folloW. One intended advantage 
of the negative pump embodiment is providing suf?cient 
current When pumping greater negative voltages required by 
emerging EEPROM devices operating in environments 
Where supply voltages less than 3 V are available to the 
EPPROM device. An intended advantage of the positive and 
negative pump embodiments is a reduction in die area 
utiliZation made possible by an increase in current produc 
tion. Another intended advantage of the positive and nega 
tive pump embodiments is the elimination of the threshold 
voltage drop across the output diode typically found on prior 
charge pumps. A further intended advantage of these 
embodiments is a reduced voltage sWing on the boot nodes, 
thereby increasing charge pump ef?ciency over prior charge 
pumps. Another intended advantage is an increase in clock 
frequency that improves charge pump performance. 

[0017] FIG. 3 is a circuit diagram of one embodiment of 
a positive charge pump. The embodiment of FIG. 3 includes 
sWitching transistors 312, 322, 332, and 342 connected in 
series betWeen node 3N1 and Vout. The sWitching transistors 
312, 322, 332, and 342 are preferably N type ?eld effect 
transistors, although N‘ type devices may also be used. The 
embodiment of FIG. 3 further includes pull-up transistors 
313, 323, 333, and 343. The pull-up transistors 313, 323, 
333, and 343 are preferably N‘ type ?eld effect transistors, 
although N type devices may also be used. N‘ type devices 
have loWer threshold voltages than N type devices. The 
source terminals of pull-up transistors 313, 323, 333, and 
343 are connected to the gate terminals of sWitching tran 
sistors 312, 322, 332, and 342, respectively. The pull-up 
transistors 313, 323, 333, and 343 are diode connected, With 
the drains and gates of pull-up transistors 313, 323, 333, and 
343 connected to the drains of the sWitching transistors 312, 
322, 332, and 342, respectively. 
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[0018] The embodiment of FIG. 3 further includes pull 
doWn transistors 314, 324, 334, and 344. The pull-doWn 
transistors 314, 324, 334, and 344 are preferably N type ?eld 
effect transistors. The drain terminals of the pull-doWn 
transistors 314, 324, 334, and 344 are connected to the drain 
terminals of sWitching transistors 312, 322, 332, and 342, 
respectively. The pull-doWn transistors 314, 324, 334, and 
344 are diode connected, With the source and gate terminals 
of the pull-doWn transistors 314, 324, 334, and 344 con 
nected to the gate terminals of the sWitching transistors 312, 
322, 332, and 342, respectively. 

[0019] Also included in the embodiment of FIG. 3 are 
storage capacitors 311, 321, 331, and 341. The storage 
capacitor 311 is connected betWeen a clock 34 signal and the 
drain terminal of the sWitching transistor 312. The storage 
capacitor 321 is connected betWeen a clock 32 signal and the 
drain terminal of the sWitching transistor 322. The storage 
capacitor 331 is connected betWeen the clock 34 signal and 
the drain terminal of the sWitching transistor 332. The 
storage capacitor 341 is connected betWeen the clock 32 
signal and the drain terminal of the sWitching transistor 342. 

[0020] The embodiment of FIG. 3 further includes the 
boot node capacitors 315, 325, 335, and 345. The boot node 
capacitor 315 is connected betWeen a clock 31 signal and the 
gate terminal of the sWitching transistor 312. The boot node 
capacitor 325 is connected betWeen a clock 33 signal and the 
gate terminal of the sWitching transistor 322. The boot node 
capacitor 335 is connected betWeen the clock 31 signal and 
the gate terminal of the sWitching transistor 332. The boot 
node capacitor 345 is connected betWeen the clock 33 signal 
and the gate of the sWitching transistor 342. 

[0021] Nodes 3N1, 3N2, 3N3, and 3N4 are shoWn in FIG. 
3. Node 3N1 is de?ned by the connection of the storage 
capacitor 311, the drain terminal of the sWitching transistor 
312, the gate and drain terminals of the pull-up transistor 
313, and the drain terminal of the pull-doWn transistor 314. 
Node 3N2 is de?ned by the connection of the storage 
capacitor 321, the drain terminal of the sWitching transistor 
322, the source terminal of the sWitching transistor 312, the 
gate and drain terminals of the pull-up transistor 323, and the 
drain terminal of the pull-doWn transistor 324. Node 3N3 is 
de?ned by the connection of the storage capacitor 331, the 
drain terminal of the sWitching transistor 332, the source 
terminal of the sWitching transistor 322, the gate and drain 
terminals of the pull-up transistor 333, and the drain terminal 
of the pull-doWn transistor 334. Node 3N4 is de?ned by the 
connection of the storage capacitor 341, the drain terminal 
of the sWitching transistor 342, the source terminal of the 
sWitching transistor 332, the gate and drain terminals of the 
pull-up transistor 343, and the drain terminal of the pull 
doWn transistor 344. 

[0022] Boot nodes 3B1, 3B2, 3B3, and 3B4 are also 
shoWn in FIG. 3. Boot node 3B1 is de?ned by the connec 
tion of the boot capacitor 315, the gate terminal of the 
sWitching capacitor 312, the source terminal of the pull-up 
transistor 313, and the source and gate terminals of the 
pull-doWn transistor 314. Boot node 3B2 is de?ned by the 
connection of the boot capacitor 325, the gate terminal of the 
sWitching capacitor 322, the source terminal of the pull-up 
transistor 323, and the source and gate terminals of the 
pull-doWn transistor 324. Boot node 3B3 is de?ned by the 
connection of the boot capacitor 335, the gate terminal of the 
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switching capacitor 332, the source terminal of the pull-up 
transistor 333, and the source and gate terminals of the 
pull-doWn transistor 334. Boot node 3B4 is de?ned by the 
connection of the boot capacitor 345, the gate terminal of the 
sWitching capacitor 342, the source terminal of the pull-up 
transistor 343, and the source and gate terminals of the 
pull-doWn transistor 344. 

[0023] The embodiment of FIG. 3 includes 4 positive 
charge pump stages. One of these stages is labeled as stage 
310, and includes the storage capacitor 311, the sWitching 
transistor 312, the pull-up transistor 313, the pull-doWn 
transistor 314, and the boot capacitor 315. Stage 310 
receives its input from an input diode transistor 302, Which 
is connected in series betWeen a Vcc source and node N1. 
Although the charge pump embodiment of FIG. 3 includes 
4 stages, other numbers of stages are possible. The output of 
the charge pump embodiment of FIG. 3 is labeled as Vout 
Which is the source terminal of the sWitching transistor 342. 

[0024] FIG. 4 shoWs a timing diagram of the clock signals 
31, 32, 33, and 34 used in connection With the circuit of FIG. 
3. All of the clock signals 31, 32, 33, and 34 are at Vcc When 
high and at ground When loW. The folloWing discussion Will 
concentrate on the operation of the stage 310 beginning With 
the ?rst loW-to-high transition of clock 34. When the clock 
34 is high and the clock 31 is loW, the pull-up diode 
connected transistor 313 is turned on resulting in the voltage 
on boot node 3B1 being one threshold voltage less than the 
voltage on node 3N1. As a result of the voltage on boot node 
3B1, the sWitching transistor 312 is nearly turned on. When 
the clock 32 goes loW, the node 3N2 is prepared to receive 
the voltage stored on node 3N1. When the clock 31 goes 
high, the sWitching transistor 312 is turned on and the 
voltage stored on storage capacitor 311 is transferred to the 
storage capacitor 321. The diode connected pull-doWn tran 
sistor 314 serves to ensure that the sWitching transistor 312 
turns off in order to prevent back How from node 3N2 to 
node 3N1 When the voltage on node 3N2 is greater than the 
voltage on node 3N1. Although the clocks 31, 32, 33, and 34 
of FIG. 4 are shoWn to overlap, in other Words no tWo clock 
edges are shoWn to occur simultaneously, there is no require 
ment for the clocks to overlap. Clock edges may occur 
nearly simultaneously, although a small overlap, preferably 
approximately 2 ns, may be used in order to account for the 
non-vertical nature of clock edges. 

[0025] An intended advantage of the embodiment of FIG. 
3 is the elimination of the requirement of overlapping clock 
periods typically found With prior charge pump circuits. 
Overlapping clock periods are not required in the embodi 
ment of FIG. 3 because the voltage on the boot nodes 3B1, 
3B2, 3B3, and 3B4 are dependent on the voltages on the 
nodes 3N1, 3N2, 3N3, and 3N4, respectively, and not on the 
voltages present at folloWing stages, as is the case With prior 
pump circuits. The elimination of the overlapping clocks 
alloWs for an increase in clock frequency, Which improves 
pump circuit performance. 

[0026] FIG. 5 is a circuit diagram of one embodiment of 
a negative charge pump. The embodiment of FIG. 5 
includes sWitching transistors 512, 522, 532, and 542 con 
nected in series betWeen node 5N1 and Vout. The sWitching 
transistors 512, 522, 532, and 542 are preferably P type ?eld 
effect transistors, although P‘ type devices may also be used. 
The embodiment of FIG. 5 further includes pull-doWn 
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transistors 513, 523, 533, and 543. The pull-doWn transistors 
513, 523, 533, and 543 are preferably P‘ type ?eld effect 
transistors, although P type devices may also be used. P‘ type 
devices have loWer threshold voltages than P type devices. 
The drain terminals of pull-doWn transistors 513, 533, and 
543 are connected to the gate terminals of sWitching tran 
sistors 512, 532, and 542, respectively, While pull-doWn 
transistor 523 is connected betWeen node 5N2 and a block 
ing transistor 580. The pull-doWn transistors 513, 523, 533, 
and 543 are diode connected, With the source terminals and 
gate terminals of pull-doWn transistors 513, 523, 533, and 
543 connected to the source terminals of the sWitching 
transistors 512, 522, 532, and 542, respectively. 

[0027] The embodiment of FIG. 5 further includes pull-up 
transistors 514, 524, 534, and 544. The pull-up transistors 
514, 524, 534, and 544 are preferably P type ?eld effect 
transistors. The source terminals of pull-up transistors 514, 
524, 534, and 544 are connected to the source terminals of 
the sWitching transistors 512, 522, 532, and 542, respec 
tively. The pull-up transistors 514, 524, 534, and 544 are 
diode connected, With the drain and gate terminals of the 
pull-up transistors 514, 524, 534, and 544 connected to the 
gate terminals of the sWitching transistors 512, 522, 532, and 
542, respectively. 

[0028] Also included in the embodiment of FIG. 5 are 
storage capacitors 511, 521, 531, and 541. The storage 
capacitor 511 is connected betWeen a clock 54 signal and the 
source terminal of the sWitching transistor 512. The storage 
capacitor 521 is connected betWeen a clock 52 signal and the 
source terminal of the sWitching transistor 522. The storage 
capacitor 531 is connected betWeen the clock 54 signal and 
the source terminal of the sWitching transistor 532. The 
storage capacitor 541 is connected betWeen the clock 52 
signal and the source terminal of the sWitching transistor 
542. 

[0029] The embodiment of FIG. 5 further includes the 
boot node capacitors 515, 525, 535, and 545. The boot node 
capacitor 515 is connected betWeen a clock 51 signal and the 
gate terminal of the sWitching transistor 512. The boot node 
capacitor 525 is connected betWeen a clock 53 signal and the 
gate terminal of the sWitching transistor 522. The boot node 
capacitor 535 is connected betWeen the clock 51 signal and 
the gate terminal of the sWitching transistor 532. The boot 
node capacitor 545 is connected betWeen the clock 53 signal 
and the gate of the sWitching transistor 542. 

[0030] Nodes 5N1, 5N2, 5N3, and 5N4 are shoWn in FIG. 
5. Node 5N1 is de?ned by the connection of the storage 
capacitor 511 , the source terminal of the sWitching transistor 
512, the gate and source terminals of the pull-doWn transis 
tor 513, and the source terminal of the pull-up transistor 514. 
Node 5N2 is de?ned by the connection of the capacitor 521, 
the source terminal of the sWitching transistor 522, the drain 
terminal of the sWitching transistor 512, the gate and source 
terminals of the pull-doWn transistor 523, and the source 
terminal of the pull-up transistor 524. Node 5N3 is de?ned 
by the connection of the storage capacitor 531, the source 
terminal of the sWitching transistor 532, the drain terminal 
of the sWitching transistor 522, the gate and source terminals 
of the pull-doWn transistor 533, and the source terminal of 
the pull-up transistor 534. Node 5N4 is de?ned by the 
connection of the storage capacitor 541, the source terminal 
of the sWitching transistor 542, the drain terminal of the 
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switching transistor 532, the gate and source terminals of the 
pull-doWn transistor 543, and the source terminal of the 
pull-up transistor 544. 

[0031] Boot nodes 5B1, 5B2, 5B3, and 5B4 are also 
shoWn in FIG. 5. Boot node 5B1 is de?ned by the connec 
tion of the boot capacitor 515, the gate terminal of the 
sWitching capacitor 512, the drain terminal of the pull-doWn 
transistor 513, and the drain and gate terminals of the pull-up 
transistor 514. Boot node 5B2 is de?ned by the connection 
of the boot capacitor 525, the gate terminal of the sWitching 
capacitor 522, the drain terminal of the pull-doWn transistor 
523, and the drain and gate terminals of the pull-up transistor 
524. Boot node 5B3 is de?ned by the connection of the boot 
capacitor 535, the gate terminal of the sWitching capacitor 
532, the drain terminal of the pull-doWn transistor 533, and 
the drain and gate terminals of the pull-up transistor 534. 
Boot node 5B4 is de?ned by the connection of the boot 
capacitor 545, the gate terminal of the sWitching capacitor 
542, the drain terminal of the pull-doWn transistor 543, and 
the drain and gate terminals of the pull-up transistor 544. 

[0032] The embodiment of FIG. 5 includes 4 negative 
charge pump stages. One of these stages is labeled as stage 
510, and includes the storage capacitor 511, the sWitching 
transistor 512, the pull-doWn transistor 513, the pull-up 
transistor 514, and the boot capacitor 515. Stage 510 
receives its input from an input diode transistor 502, Which 
is connected in series betWeen ground source and node N1. 
Although the charge pump embodiment of FIG. 5 includes 
4 stages, other numbers of stages are possible. The output of 
the charge pump embodiment of FIG. 5 is labeled as Vout 
Which is the source terminal of the sWitching transistor 542. 

[0033] FIG. 6 shoWs a timing diagram of the clock signals 
51, 52, 53, and 54 used in connection With the circuit of FIG. 
5. All of the clock signals 51, 52, 53, and 54 are at Vcc When 
high and at ground When loW. The folloWing discussion Will 
concentrate on the operation of the stage 510 beginning With 
the ?rst high-to-loW transition of clock 54. When the clock 
54 is loW and the clock 51 is high, the pull-doWn diode 
connected transistor 513 is turned on resulting in the voltage 
on boot node 5B1 being one threshold voltage less negative 
than the voltage on node 5N1. As a result of the voltage on 
boot node 5B1, the sWitching transistor 512 is nearly turned 
on. When the clock 52 goes high, the node 5N2 is prepared 
to receive the voltage stored on node 5N1. When the clock 
51 goes loW, the sWitching transistor 512 is turned on and the 
voltage stored on storage capacitor 511 is transferred to the 
storage capacitor 521. The diode connected pull-up transis 
tor 514 serves to ensure that the sWitching transistor turns 
512 turns off in order to prevent back How from node 5N2 
to node 5N1 When the voltage on node 5N2 is more negative 
than the voltage on node 5N1. Although the clocks 51, 52, 
53, and 54 of FIG. 6 are shoWn to overlap, in other Words 
no tWo clock edges are shoWn to occur simultaneously, there 
is no requirement for the clocks to overlap. Clock edges may 
occur nearly simultaneously, although a small overlap, pref 
erably approximately 2 ns, may be used in order to account 
for the non-vertical nature of clock edges. 

[0034] As With the embodiment of FIG. 3, an intended 
advantage of the embodiment of FIG. 5 is the elimination of 
the requirement of overlapping clock periods typically found 
With prior charge pump circuits. Overlapping clock periods 
are not required in the embodiment of FIG. 5 because the 
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voltage on the boot nodes 5B1, 5B2, 5B3, and 5B4 are 
dependent on the voltages on the nodes 5N1, 5N2, 5N3, and 
5N4, respectively, and not on the voltages present at fol 
loWing stages, as is the case With prior pump circuits. The 
elimination of the overlapping clocks alloWs for an increase 
in clock frequency, Which improves pump circuit perfor 
mance. 

[0035] The negative charge pump circuit of FIG. 5 may be 
implemented in a programmable logic device. In such 
devices, during programming operations a positive voltage 
may appear at the Vout terminal. Unless this voltage is 
blocked in some fashion, a short Would occur betWeen Vout 
and the ground terminal at transistor 502. A short of this 
nature Would prevent proper programming operations. In 
order to prevent this positive voltage from propagating all 
the Way to the ground terminal at diode 502, a positive 
voltage approximately equal in magnitude to the positive 
voltage seen at Vout can be applied to the gate of transistor 
522. This positive voltage turns off transistor 522, and the 
positive voltage seen at Vout does not conduct through 
transistor 522. The blocking transistor 580 is included in 
order to prevent the positive voltage applied to the gate 
terminal of transistor 522 from ?oWing through the diode 
connected transistor 523, Which Would also create a short to 
the ground terminal. The gate of blocking transistor 580 in 
this embodiment is coupled to node 5N4. The voltage at 
node 5N4 is delivered to the gate of blocking transistor 580, 
thereby turning off transistor 580 and preventing the positive 
voltage applied to the gate of transistor 522 from ?oWing 
through the diode connected transistor 523. Transistor 580 is 
a P type device. 

[0036] When the negative pump circuit of FIG. 5 begins 
to pump and a negative voltage is delivered to Vout, the 
positive voltage applied to the gate of transistor 522 during 
programming operations is removed and the negative volt 
age at node 5N4 is delivered to the gate of blocking 
transistor 580. Because the voltage at node 5N4 is more 
negative than the voltage at node 5N2 and because the pump 
stages including nodes 5N2 and 5N4 are clocked in phase 
With each other, the blocking transistor 580 is alWays 
enabled during pump operation. For maximum ef?ciency, 
the voltage difference betWeen node 5N4 and nodes 5B4 and 
5N2 should be suf?cient to ensure that the blocking tran 
sistor 580 operates in a range that provides negligible 
voltage drop across the blocking transistor 580. A greater 
voltage difference can be achieved by placing the blocking 
transistor further aWay from node 5N4. For example, rather 
than locating the blocking transistor 580 tWo stages from the 
output as shoWn in FIG. 5, it is possible to locate the 
blocking transistor four stages from the output (for pump 
circuits With ?ve or more stages). The blocking transistor 
may be located in other pump stages, but the voltage applied 
to the gate of the blocking transistor should be in phase With 
the voltage developed at the stage in Which the blocking 
device is located in order to ensure that the blocking 
transistor Will alWays be enabled during pump operation. 

[0037] In the foregoing speci?cation the invention has 
been described With reference to speci?c exemplary embodi 
ments thereof It Will, hoWever, be evident that various 
modi?cations and changes may be made thereto Without 
departing from the broader spirit and scope of the invention 
as set forth in the appended claims. The speci?cation and 
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drawings are, accordingly, to be regarded in an illustrative 
rather than in a restrictive sense. 

What is claimed is: 
1. A negative charge pump circuit, comprising: 

a ?rst, a second, and a third stage, each stage including a 
sWitching transistor, a pull up diode coupled betWeen a 
gate terminal and a source terminal of the sWitching 
transistor, and a pull doWn diode coupled betWeen the 
gate terminal and the source terminal of the sWitching 
transistor; and 

a blocking transistor coupled betWeen the gate terminal of 
the sWitching transistor and the pull doWn diode of the 
third stage, a gate terminal of the blocking transistor 
electrically coupled to the source terminal of the 
sWitching transistor of the ?rst stage, the ?rst stage to 
provide an output for the negative charge pump circuit. 

2. The negative charge pump circuit of claim 1 Wherein a 
voltage present at the output of the ?rst stage is delivered to 
the gate terminal of the sWitching transistor of the third stage 
When a positive programming voltage is present at the 
output of the ?rst stage. 

3. The negative charge pump circuit of claim 2, Wherein 
the blocking transistor is a p-type ?eld effect transistor. 

4. A negative charge pump circuit, comprising: 

a ?rst, a second, a third, a fourth, and a ?fth stage, each 
stage including a sWitching transistor, a pull up diode 
coupled betWeen a gate terminal and a source terminal 
of the sWitching transistor, and a pull doWn diode 
coupled betWeen the gate terminal and the source 
terminal of the sWitching transistor; and 

a blocking transistor coupled betWeen the gate terminal of 
the sWitching transistor and the pull doWn diode of the 
?fth stage, a gate terminal of the blocking transistor 
electrically coupled to the source terminal of the 
sWitching transistor of the ?rst stage, the ?rst stage to 
provide an output for the negative charge pump circuit. 

5. The negative charge pump circuit of claim 4 Wherein a 
voltage present at the output of the ?rst stage is delivered to 
the gate terminal of the sWitching transistor of the ?fth stage 
When a positive programming voltage is present at the 
output of the ?rst stage. 

6. The negative charge pump circuit of claim 5, Wherein 
the blocking transistor is a p-type ?eld effect transistor. 

7. A method for blocking a positive voltage in a negative 
charge pump circuit, comprising: 

applying a positive voltage to a gate terminal of a sWitch 
ing transistor; and 

applying a positive voltage to a gate terminal of a block 
ing transistor, the blocking transistor coupled betWeen 
the gate terminal and a source terminal of the sWitching 
transistor. 

8. The method for blocking a positive voltage in a 
negative charge pump circuit of claim 7, Wherein applying 
a positive voltage to a gate terminal of a blocking transistor 
includes applying a positive voltage to a gate terminal of a 
blocking transistor coupled betWeen the gate terminal of the 
sWitching transistor and a pull-doWn diode, the pull-doWn 
diode coupled betWeen the blocking transistor and the 
source terminal of the sWitching transistor. 

9. The method for blocking a positive voltage in a 
negative charge pump circuit of claim 8, Wherein applying 
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a positive voltage to a gate terminal of a blocking transistor 
includes applying a positive voltage to a gate terminal of a 
blocking transistor in a pump stage circuit located tWo stages 
aWay from an output stage. 

10. The method for blocking a positive voltage in a 
negative charge pump circuit of claim 8, Wherein applying 
a positive voltage to a gate terminal of a blocking transistor 
includes applying a positive voltage to a gate terminal of a 
blocking transistor in a pump stage circuit located four 
stages aWay from an output stage. 

11. A negative charge pump stage circuit, comprising: 

a sWitching transistor including a gate terminal, a drain 
terminal, and a source terminal; 

a ?rst capacitor having a ?rst terminal and a second 
terminal, the ?rst terminal 

electrically coupled to a ?rst clock source and the 
second terminal 

electrically coupled to the source of the ?rst transistor; 

a second capacitor having a ?rst terminal and a second 
terminal, the ?rst terminal 

electrically coupled to a second clock source and the 
second terminal 

electrically coupled to the gate of the ?rst transistor; 

a ?rst diode having an input terminal and an output 
terminal, the input terminal electrically coupled to the 
source of the ?rst transistor, and the output 

terminal electrically coupled to the gate of the ?rst 
transistor; 

a second diode having an input terminal and an output 
terminal; and 

a blocking transistor, the input terminal of the second 
diode 

coupled to a drain of the blocking transistor, the output 
terminal of the second diode electrically coupled to 
the source of the ?rst transistor, a source of the 
blocking transistor coupled to the gate of the sWitch 
ing transistor, the gate of the blocking transistor to 
receive a positive voltage When a positive voltage is 
present at the gate of the sWitching transistor to 
prevent the positive voltage present at the gate of the 
sWitching transistor from conducting to the source of 
the sWitching transistor. 

12. The negative charge pump stage circuit of claim 11 
Wherein the ?rst clock source deasserts a ?rst clock signal 
before the second clock source deasserts a second clock 
signal, the ?rst clock signal to remain deasserted until after 
the second clock source asserts the second clock signal. 

13. The negative charge pump stage circuit of claim 12 
Wherein the sWitching transistor and the blocking transistor 
are P type ?eld effect transistors. 

14. The negative charge pump stage circuit of claim 13 
Wherein the ?rst diode includes a P type ?eld effect transis 
tor, the ?rst diode transistor including a gate terminal, a 
drain terminal, and a source terminal, the gate and source 
terminals electrically coupled together to form the input 
terminal of the ?rst diode and the drain terminal of the ?rst 
diode transistor to form the output terminal of the ?rst diode. 
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15. The negative charge pump stage circuit of claim 14 input terminal of the second diode and the drain terminal of 
Wherein the second diode includes a P type ?eld effect the second diode transistor to form the output terminal of the 
transistor, the second diode transistor including a gate ter- second diode. 
minal, a drain terminal, and a source terminal, the gate and 
source terminals electrically coupled together to form the * * * * * 


