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STRESS CONTROL MECHANISM FOR USE 
IN HIGH-VOLTAGE APPLICATIONS IN AN 

INTEGRATED CIRCUIT 

FIELD OF THE DISCLOSURE 

The present disclosure generally relates to the ?eld of 
managing oxide stress conditions in an integrated circuit. In 
particular, the present disclosure is directed to a voltage pump 
circuit that has an oxide stress control mechanism for use in 
high-voltage applications in an integrated circuit. 

BACKGROUND 

Voltage pump circuits, Which are voltage-multiplier cir 
cuits, are needed in embedded dynamic random access 
memory (EDRAM) and other integrated circuits, for 
example, to drive Wordlines and provide boosted supply 
nodes for high-voltage applications. High-voltage oxide 
stress, for example, excessive transistor gate-to-source volt 
age, Within the voltage pump circuit can cause a reliability 
problem When hi gh-performance thin-oxide devices are used. 
Thicker oxide devices could be used in order to avoid voltage 
stress problems, but thick-oxide devices may not be available 
in the technology menu of, for example, cost sensitive 
EDRAM designs. Diode circuits have been used in the recti 
fying path of voltage pump circuits instead of sWitched 
devices in order to avoid stress problems, but the use of series 
diodes reduces the high-voltage output of the voltage pump 
by a diode voltage (Vbe) or by a ?eld-effect transistor thresh 
old voltage (FET-Vt), Which is unacceptable. 
A need exists for a voltage pump circuit that has an oxide 

stress control mechanism, in order to ensure a safe transistor 
gate-to-source voltage in high-voltage applications in an inte 
grated circuit. 

SUMMARY OF THE DISCLOSURE 

In one embodiment, the present disclosure is directed to a 
stress control mechanism for use in a high voltage application 
in an integrated circuit. The integrated circuit designed to 
substantially operate at a supply voltage. The integrated cir 
cuit comprises circuitry requiring a boosted voltage relative 
to the supply voltage. The integrated circuit also comprises a 
voltage pump that includes an output device in electrical 
communication With the circuitry so as to provide the cir 
cuitry With the boosted voltage, the output device driven by a 
gate voltage having a gate drive level and including a gate 
oxide having an excessive stress voltage level. The integrated 
circuit further comprises a gate voltage controller for gener 
ating the gate drive level so as to maintain the gate oxide 
beloW the excessive stress level. 

In another embodiment, the present disclosure is directed 
to an integrated circuit designed to operate at a supply volt 
age. The integrated circuit comprises voltage pump circuitry 
that includes an output device having a gate drive level and 
including a gate oxide having an excessive stress level. The 
integrated circuit further comprises a gate voltage controller 
electrically connected to the output device so as to provide the 
gate drive level, the gate voltage controller con?gured to vary 
the gate drive level as a function of the supply voltage. 

In a further embodiment, the present disclosure is directed 
to an integrated circuit. The integrated circuit comprises a 
voltage pump circuit including an output transistor having a 
gate input and responsive to a gate drive level. A voltage pump 
control circuit is electrically connected to the gate input of the 
output transistor and is con?gured to output the gate drive 
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2 
level in response to a reference current. A reference current 
generator is electrically connected to the voltage pump con 
trol circuit so as to provide the voltage pump control circuit 
With the reference current. The reference current generator is 
con?gured to generate the reference current as a function of a 
?rst reference voltage and a second reference voltage. A ?rst 
reference voltage generator is electrically connected to the 
reference current generator for providing the ?rst reference 
voltage to the reference current generator. A second reference 
voltage generator is electrically connected to the reference 
current generator for providing the second reference voltage 
to the current generator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For the purpose of illustrating the invention, the draWings 
shoW aspects of one or more embodiments of the invention. 
HoWever, it should be understood that the present invention is 
not limited to the precise arrangements and instrumentalities 
shoWn in the draWings, Wherein: 

FIG. 1 is a high level block diagram of an integrated circuit 
that includes a stress reduction control system, Which is an 
example of an oxide stress control mechanism in an inte 
grated circuit; and 

FIG. 2 is a schematic diagram of one example of a stress 
reduction control system suitable for use as the stress reduc 
tion control system of FIG. 1. 

DETAILED DESCRIPTION 

FIG. 1 illustrates a high level block diagram of an inte 
grated circuit 100 that includes a stress reduction control 
system 110, Which is an example of an oxide stress control 
mechanism in an integrated circuit. Stress reduction control 
system 110 may be an oxide stress control mechanism that 
ensures a safe transistor gate-to-source voltage in a voltage 
pump circuit 112 of integrated circuit 100 that may be oper 
ating in a high-voltage condition. Consequently, stress reduc 
tion control system 110 of FIG. 1 ensures the reliability of 
voltage pump circuit 112 that may be operating in a high 
voltage application. In one embodiment, stress reduction con 
trol system 110 of FIG. 1 includes voltage pump circuit 112, 
a voltage pump control circuit 114, a current-stress (I-stress) 
generator circuit 116, a voltage reference circuit 118, and a 
voltage divider circuit 120. 

Voltage pump circuit 112 may be a voltage doubler circuit. 
In a standard voltage pump circuit (not shoWn), a ?rst capaci 
tor is charged to an input voltage and the charge from the ?rst 
capacitor is then transferred over to a second capacitor in 
order to generate a voltage that may be approximately tWo 
times the input voltage. In one example, When the input 
voltage of a standard voltage pump circuit is about 1.0 volts, 
the voltage Within the voltage pump circuit may be as high as 
about 2.0 volts, Which may exceed the gate-to-source voltage 
limits of its output stage transistor device. In contrast, voltage 
pump circuit 112 of FIG. 1 operates in combination With 
voltage pump control circuit 114 Which limits conditionally, 
the gate-to-source voltage of the output stage transistor 
device (not shoWn) of voltage pump circuit 112 to safe levels. 
In particular, voltage pump control circuit 114 is electrically 
connected, for example, betWeen a core logic poWer supply 
Vdd of integrated circuit 100 and ground. In particular, Vdd 
may be the input voltage to voltage pump circuit 112 and 
voltage pump circuit 112 subsequently generates an output 
voltage VPP that may be equal to approximately Vdd><2. An 
output stage transistor of voltage pump circuit 112 supplies 
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voltage VPP to voltage pump control circuit 114 as Well as to 
other circuitry (not shown) Within integrated circuit 100. 
By use of a gate voltage OS-GATE, voltage pump control 

circuit 114 conditionally limits the doWn level of gate voltage 
OS-GATE of the output stage transistor of voltage pump 
circuit 112 to safe levels When Vdd exceeds a certain value 
only. In contrast, When Vdd is less than a certain value, the 
doWn level of gate voltage OS-GATE of the output transistor 
of voltage pump circuit 112 is alloWed to operate normally, 
for full device overdrive because it is operating Within a safe 
loW-stress voltage range. Therefore, When Vdd is less than a 
certain value, the gate-to-source voltage of the output transis 
tor is not limited and, thus, the output transistor is alloWed to 
operate at a maximum overdrive level. More details of voltage 
pump circuit 112 and voltage pump control circuit 114 are 
described With reference to FIG. 2. 

I-stress generator circuit 116, voltage reference circuit 118, 
and voltage divider circuit 120 are electrically connected, for 
example, betWeen core logic poWer supply Vdd of integrated 
circuit 100 and ground as illustrated in FIG. 1. I-stress gen 
erator circuit 116 provides a mechanism for monitoring the 
value of Vdd and supplies a voltage node I-STRESS that is 
connected to voltage pump control circuit 114, the value of 
Which re?ects When Vdd is either less than or greater than a 
predetermined voltage value. Node I-STRESS is a certain 
level When Vdd is less than or equal to a certain predetermined 
value that is associated With a loW-stress condition and, thus, 
voltage pump control circuit 114 responds by taking no cor 
rective action. HoWever, node I-STRESS is another certain 
level When Vdd is greater than a certain predetermined value 
that is associated With a high stress condition and, thus, volt 
age pump control circuit 114 responds by taking corrective 
action. 

Voltage reference circuit 118 may be any voltage reference 
source that supplies a ?xed and stable output voltage VREF to 
I-stress generator circuit 116. Voltage VREF remains at a 
?xed and stable value regardless of variations in the Vdd 
value. Voltage divider circuit 120 may be any voltage divider 
circuit that supplies an output voltage VREFDC to I-stress 
generator circuit 116 that is a fraction of its input voltage (eg 
a fraction of Vdd). In one example, voltage reference circuit 
118 may be a bandgap reference circuit. In another example, 
voltage divider circuit 120 may be a resistor divider circuit 
that supplies voltage VREFDC that varies as a fraction of the 
Vdd value. The difference betWeen voltages VREF and 
VREFDC is re?ected at node I-STRESS of I-stress generator 
circuit 116. WhenVdd is a less than or equal to a certain value 
such that voltage VREFDC is less than or equal to voltage 
VREF, I-stress generator circuit 116 interprets this state as a 
loW-stress condition, Which is re?ected by a certain level at 
node I-STRESS. HoWever, When Vdd rises to a certain high 
value such that the voltage VREFDC is greater than the volt 
age VREF, I-stress generator circuit 116 interprets this state 
as a high stress condition, Which is re?ected by a certain level 
at node I-STRESS. More details of I-stress generator circuit 
116, voltage reference circuit 118, and voltage divider circuit 
120 are found With reference to FIG. 2. 

FIG. 2 illustrates a schematic diagram of a stress reduction 
control system 210, Which is one exemplary embodiment of 
stress reduction control system 110 of FIG. 1. More speci? 
cally, stress reduction control system 210 of FIG. 2 includes 
a voltage pump circuit 212, a voltage pump control circuit 
214, an I-stress generator circuit 216, a voltage reference 
circuit 218, and a voltage divider circuit 220. Voltage pump 
circuit 212 is electrically coupled betWeen voltage Vdd and 
ground. Voltage pump circuit 212 operates in tWo phases: (1) 
a ?rst phase to charge a “lift” capacitor C1 to aboutVdd><1 and 
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4 
(2) a second phase to lift the charge across capacitor C1 to 
about Vdd><2. Capacitor C1 is connected betWeen a ?rst volt 
age node V1 and a second voltage node V2. In one example, 
the value of C1 may be 50 picofarads (pF). Voltage node V1 
is a node betWeen a p-type ?eld-effect transistor (PFET) P1 
and an n-type ?eld-effect transistor (N FET) N1 that are elec 
trically connected in series betWeen Vdd and ground. Tran 
sistor P1 is controlled via a ?rst input IN1 that is buffered by 
a ?rst inverter INV1. Transistor N1 is controlled via a second 
input IN2 that is buffered by a second inverter INV2. Voltage 
node V1 is a node that is either pulled to Vdd via a transistor 
P2, Which is controlled via a third input IN3 that is buffered by 
a third inverter INV3, or alloWed to ?oat. The voltage value of 
V2 feeds an output stage transistor P3 that supplies voltage 
node VPP, Which may be the approximately “doubled” volt 
age, to circuitry (not shoWn) Within an integrated circuit that 
requires a voltage level that is elevated compared With Vdd. A 
?lter capacitor C2 stores the charge at node VPP, in order to 
satisfy instantaneous current requirements at node VPP. The 
gate of P3 is controlled by the signal OS-GATE from voltage 
pump control circuit 214. 

In the ?rst phase of operation, input IN1:logic 0 and input 
IN2:logic 0 and, thus, transistor P1 is off and transistor N1 is 
on, Which pulls node V1 to about ground (i.e., about 0.0 
volts). Additionally, input IN3:logic 1 and, thus, transistor P2 
is on, Which pulls node V2 to Vdd and thereby precharges 
capacitor C1 to about Vdd><1. In one example, When Vdd is 
about 1.0 volts, capacitor C1 is precharged to about 1.0 volts. 

In the second phase of operation, input IN3:logic 0 and, 
thus, transistor P2 is off, Which alloWs node V2 to ?oat (i.e., 
alloWs the side of capacitor C1 that is precharged to about 
Vdd><1 to ?oat). Additionally, input IN1:logic 1 and input 
IN2:logic 1 and, thus, transistor P1 is on and transistor N1 is 
off, Which pulls node V1 to Vdd. In doing so, the side of 
capacitor C1 that is at about ground at the completion of the 
?rst phase is noW lifted to about Vdd><1 and because capacitor 
C1 is already charged to about Vdd><1 and because node V2 is 
?oating, the voltage at nodeV2 rises by aboutVdd><1 (e.g., the 
voltage at V1). At the completion of the second phase, the 
node V2 equals the value of node V1 plus the charge of 
capacitor C1, or about Vdd><2. In one example, When Vdd is 
about 1.0 volts, at the completion of the second phase the 
node V2 is about Vdd><2 or about 2.0 volts. HoWever, because 
there are losses due to current leakage, and parasitic capaci 
tance in an integrated circuit, that actual value of node V2 is 
slightly less then Vdd><2. For example, When Vdd is about 1.0 
volts, node V2 may be about 1.7 volts to 1.8 volts. The greater 
the voltage value at node V2, the greater the current capacity 
of the output transistor P3. As needed, voltage pump circuit 
212 is cycled in order to supply more charge into ?lter capaci 
tor C2 and, thus, a desired voltage level is maintained at 
voltage node VPP. 

In one aspect, stress reduction control system 110 of FIG. 
1 is utiliZed in order to avoid a gate-to-source stress condition 
at the output stage of the voltage pump under high-voltage 
conditions in an integrated circuit. By Way of example and 
referring to FIG. 2, an aspect of stress reduction control 
system 210 is to prevent a gate-to-source stress condition 
from occurring at output transistor P3 of voltage pump circuit 
212 When node VPP reaches a certain high value. 

The gate voltage of output transistor P3 of voltage pump 
circuit 212 is controlled via gate voltage OS-GATE of voltage 
pump control circuit 214 that is supplied by an inverter INV4 
of voltage pump control circuit 214, Which is a buffer for a 
fourth input IN4. Gate voltage OS-GATE, may be in one of 
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three states, i.e., a normal high state, a normal loW state, and 
a conditional loW-plus-offset state, Which may be described 
as follows: 

1. Normal high state: When input IN4:logic 0, gate voltage 
OS-GATE may be a logic high level that may be about 
the value an upper rail voltage 222 of INV4. In one 
example, When upper rail voltage 222 is connected to 
node VPP and When Vdd is about 1.0 volts, in normal 
high state the gate voltage OS-GATE may be about 1.7 
volts to 1.8 volts; 

2. Normal loW state: When input IN4:logic 1, gate voltage 
OS-GATE may be a logic loW level that may be about the 
value a loWer rail voltage 224 of INV4. In one example, 
When loWer rail voltage 224 is set to ground (e.g., 0 
volts), in normal loW state the gate voltage OS-GATE 
may be about the value of ground; and 

3. LoW-plus-offset state: When input IN4:logic 1, gate 
voltage OS-GATE may be a logic loW level that may be 
about the value loWer rail voltage 224 of INV4 that may 
be offset, for example, by a feW hundred millivolts (mV) 
above ground. This state is created conditionally in that 
it is created only When a potential oxide stress condition 
is present Within voltage pump circuit 212. In one 
example, When loWer rail voltage 224 is set to about 200 
mV above ground, in loW-plus-offset state the gate volt 
age OS-GATE may be about 0.2 volts. 

When node VPP, Which is connected to the drain of tran 
sistor P3, is less than or equal to a certain value, gate voltage 
OS-GATE, may be alloWed to be in either normal high state or 
normal loW state because the gate-to-source voltage of tran 
sistor P3 is not in a high stress condition. In this case, the gate 
of transistor P3 may be alloWed to sWing fully betWeen about 
VPP and about ground and transistor P3 operates in a loW 
stress condition With maximum overdrive. HoWever, When 
node VPP is greater than certain value, gate voltage OS 
GATE may be alloWed to be in either normal high state or 
loW-plus-offset state, in order to prevent the gate-to-source 
voltage of transistor P3 from being in a high stress condition. 
In this case, the gate of transistor P3 may not be alloWed to 
sWing fully betWeen about VPP and about ground. Rather, the 
doWn level of the gate of transistor P3 is limited. Conse 
quently, the gate of transistor P3 may be alloWed to sWing 
betWeen about VPP and about a feW hundred millivolts above 
ground only, Which limits the gate-to-source voltage to Within 
a safe loW-stress range and, thus, an over stress condition is 
avoided at transistor P3. As a result, transistor P3 may operate 
in a loW-stress condition, but With slightly less than maximum 
overdrive. 

In one example, if a high oxide stress condition is de?ned 
as a gate-to-source voltage of about 1.8 volts, When Vdd is a 
level such that node VPP may be about 1.8 volts, the gate of 
transistor P3 must not be alloWed to sWing fully betWeen 
about VPP and ground. For example, When gate voltage OS 
GATE is in loW-plus-offset state, the doWn level for the gate 
of transistor P3 may not be alloWed to drop beloW about 200 
mV above ground. As a result, the gate-to-source voltage of 
transistor P3 is limited to 1.8 volts minus 0.2 volts or about 1.6 
volts and, thus, the maximum gate-to-source voltage is lim 
ited to Within loW-stress levels and an oxide stress condition 
is avoided. 

In addition to normal high state and normal loW state, the 
key to providing the loW-plus-offset state at the gate of tran 
sistor P3 (via gate voltage OS-GATE) is controlling loWer rail 
voltage 224 of INV4. In particular, loWer rail voltage 224 is 
connected to a voltage node V-OFFSET, Which is a voltage 
node betWeen a transistor P4 and a resistor R1 that may be 
electrically connected in series betWeen Vdd and ground (re 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
spectively) Within voltage pump control circuit 214, as shoWn 
in FIG. 2. The voltage value of node V-OFFSET, Which is 
loWer rail voltage 224 of INV4, is controlled by transistor P4, 
the gate of Which is controlled via the node I-STRESS of 
I-stress generator circuit 216. 

In particular, When Vdd is less than or equal to a certain 
value, node I-STRESS may be a certain high level and tran 
sistor P4 is turned off. Therefore, no current I1 is ?oWing 
through resistor R1, Which means that no voltage drop devel 
ops across resistor R1 and, therefore, nodeV-OFFSET goes to 
about ground. As a result, loWer rail voltage 224 of INV4 goes 
to about ground and gate voltage OS-GATE may be alloWed 
to be in either normal high state or normal loW state, Wherein 
its doWn level is not limited. Alternatively, When Vdd is 
greater than a certain value, node I-STRESS may be a certain 
loW level and transistor P4 is turned on to a certain controlled 

degree. Therefore, a certain controlled current I1 is ?oWing 
through resistor R1, Which means that a certain controlled 
voltage drop develops across resistor R1 and, therefore, node 
V-OFFSET rises slightly to a certain controlled value above 
ground, i.e., a certain controlled offset that is slightly above 
ground is developed at node V-OFFSET. As a result, loWer rail 
voltage 224 of INV4 goes to about a feW hundred millivolts 
above ground and gate voltage OS-GATE may be alloWed to 
be in either normal high state or loW-plus-offset state, Wherein 
its doWn level is limited. More details of the generation of the 
node I-STRESS are described beloW With reference to I-stress 
generator circuit 216. 

I-stress generator circuit 216 may be a balance circuit 
Within Which a key component is a resistor R2 Which is 
connected betWeen a ?rst voltage node V4 and a second 
voltage node V5 of the balance circuit. In particular, resistor 
R2 is arranged betWeen a ?rst unity- gain ampli?er circuit that 
controls node V4 and a second unity-gain ampli?er circuit 
that controls node V5. In one example, I-stress generator 
circuit 216 may include a ?rst operational ampli?er (op-amp) 
OP-AMP1 that controls voltage node V4 and a second op 
amp OP-AMP2 that controls voltage node V5. OP-AMP1 and 
OP-AMP2 are conventional differential ampli?er devices 
that have a gain of about 1.0 and are connected in a negative 
feedback con?guration, Whereby OP-AMP1 and OP-AMP2 
are each comparing tWo input voltages and generating an 
output that re?ects the difference therebetWeen. 

Voltage reference circuit 218, Which may be, for example, 
a bandgap voltage generator, supplies a ?xed and stable out 
put voltage VREF to a negative input of OP-AMP1. OP 
AMP1 provides isolation back to voltage reference circuit 
218. The negative feedback con?guration of OP-AMP1 
includes an enable transistor P6, a pass transistor P7, and a 
resistor R3. Transistor P6 and transistor P7 are connected in 
series betWeen Vdd and node V4, as shoWn in FIG. 2. Addi 
tionally, resistor R3 is connected betWeen node V4 and 
ground and a positive input of OP-AMP1 is connected to node 
V4. In one example, resistor R3 may be about 50.0 Kohms. 
Resistor R3 may be siZed to provide adequate source imped 
ance for the voltage at node V4, and may be siZed at a value 
Where current ?oWing from node V5 has little effect on node 
V4. Furthermore, a capacitor C3, Which is a decoupling 
capacitor, is connected betWeen Vdd and the output of OP 
AMP1. The gate of transistor P7 is controlled via the output of 
OP-AMP1, Which has been con?gured as a unity-gain op 
amp in a negative feedback loop With node V4 via transistor 
P7. In this negative feedback circuit With OP-AMP1, node V4 
may be held at a value that is substantially equal to voltage 
VREF, Which is a ?xed and stable voltage that does not vary 
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With variations in Vdd. In doing so, OP-AMP1 essentially 
provides a battery voltage at node V4, Which is connected to 
one side of resistor R2. 

Voltage divider circuit 220 may be any voltage divider 
circuit that supplies an output voltage VREFDC that is a 
fraction of its input voltage. In one example, voltage divider 
circuit 220 may be a resistor divider circuit that is formed of, 
for example, a resistor R4 and a resistor R5 that are connected 
in series betWeen Vdd and ground. In this example, a voltage 
node V6 betWeen resistor R4 and resistor R5 supplies voltage 
VREFDC that varies as a fraction of the Vdd value. Voltage 
VREFDC is connected to a negative input of OP-AMP2. 
OP-AMP2 provides isolation back to voltage divider circuit 
220. The negative feedback con?guration of OP-AMP2 
includes an enable transistor P8 and a pass transistor P9. 
Transistor P8 and transistor P7 are connected in series 
betWeen Vdd and node V5, as shoWn in FIG. 2. Additionally, 
a positive input of OP-AMP2 is connected to node V5. Fur 
thermore, a capacitor C4, Which is a decoupling capacitor, is 
connected betWeen Vdd and the output of OP-AMP2. The 
gate of transistor P9 is controlled via the output of OP-AMP2 
Which has been con?gured as a unity-gain op-amp in a nega 
tive feedback loop With node V5 via transistor P9. In this 
negative feedback circuit With OP-AMP2, node V5 may be 
held at a value that is substantially equal to voltage VREFDC, 
Which varies as a fraction of the Vdd value. In doing so, 
OP-AMP2 isolates voltage VREFDC and supplies a current 
I2 via transistor P9 to node V5 that is su?icient to hold node 
V5, Which is connected to one side of resistor R2, at a value 
that is substantially equal to voltage VREFDC. The current I2 
is proportional to the difference betWeen the voltage values of 
node VREFDC and node VREF. Additionally, the current I2 
?oWs through resistor R2 and is proportional to the voltage 
drop across resistor R2 divided by its resistance. 

Optionally, an inverter INVS of I-stress generator circuit 
216 that is driven by an input OFF controls a transistor P10 
that is connected betWeen Vdd and the output of OP-AMP2, 
Which is the node I-STRESS. In doing so, When input 
OFF:logic 1 the node I-STRESS is disabled and When input 
OFF:logic 0 the node I-STRESS is enabled. Therefore, the 
input OFF essentially provides a global disable function to 
I-stress generator circuit 216. The global disable function 
may further include a sWitching means to disable the enable 
transistors P6 and P8, and op-amps OP-AMP1 and OP-AMP2 
to reduce poWer consumption When node I-STRESS is dis 
abled. 
An aspect of I-stress generator circuit 216 is that the node 

VREFDC voltage being less than or equal to the node VREF 
voltage is an indication that the Vdd voltage and resulting 
node VPP voltage are suf?ciently loW that a loW-stress con 
dition is present at output transistor P3 of voltage pump 
circuit 212 and that no corrective action is required. Another 
aspect of I-stress generator circuit 216 is that the node 
VREFDC voltage being greater than the node VREF voltage 
is an indication that the Vdd voltage and resulting node VPP 
voltage are suf?ciently high that an unacceptably high stress 
condition may be present betWeen the gate and source of 
output transistor P3 of voltage pump circuit 212 and, conse 
quently, that corrective action is required. These aspects of 
I-stress generator circuit 216 are accomplished as folloWs. 

The current I2 value may be the greater of Zero or VREFDC 
voltage minus VREF voltage divided by the value of resistor 
R2, i.e., the greater of Zero or (V REFDC—VREF)/ R2. In 
particular, When the voltage at node VREFDC is less than or 
equal to the voltage at node VREF the current I2 is Zero and, 
thus, there is no current ?oW through resistor R2 of I-stress 
generator circuit 216. In contrast, When the voltage at node 
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8 
VREFDC is greater than the voltage at node VREF the current 
I2 is greater than Zero and, thus, a voltage drop develops 
across resistor R2. 

The output of OP-AMP2 is the node I-STRESS Which is 
connected to the gate of transistor P4 of voltage pump control 
circuit 214, as shoWn in FIG. 2 and, thus, the operation of 
transistor P4 is in reaction to node I-STRESS. In doing so, the 
transistor P4/resistor R1 combination of voltage pump con 
trol circuit 214 forms a current mirror mechanism With 
respect to the transistor P9/resistor R2 combination of I-stress 
generator circuit 216. In other Words, a current I1 through 
transistor P4 and resistor R1 of voltage pump control circuit 
214 is proportional to the current I2 of I-stress generator 
circuit 216. 
As a result, in a loW-stress condition, When the voltage at 

node VREFDC is less than or equal to the voltage at node 
VREF there is no current 12 ?oWing through transistor P9 and 
resistor R2. Consequently, in reaction to node I-STRESS, 
there is no current I1 ?oWing through transistor P4 and resis 
tor R1, and thus, node V-OFFSET of voltage pump control 
circuit 214, Which is loWer rail voltage 224 of INV4, is at 
about ground. Consequently, gate voltage OS-GATE may 
operate in either normal high state or normal loW state and not 
in loW-plus-offset state. In contrast, in a potential stress con 
dition, When the voltage at node VREFDC is greater than the 
voltage at node VREF and the current I2 is greater than Zero, 
there is current I1 ?oWing through transistor P9 and resistor 
R2 of I-stress generator circuit 21 6. Consequently, in reaction 
to node I-STRESS, transistor P4 of voltage pump control 
circuit 214 is turned on such that its current I1 is proportional 
to current I2 of I-stress generator circuit 216. A voltage drop 
develops across resistor R1 Which is proportional to current I1 
and, thus, node V-OFFSET of voltage pump control circuit 
214, Which is loWer rail voltage 224 of INV4, is at about a feW 
hundred millivolts above ground. Consequently, gate voltage 
OS-GATE may operate in either normal high state or loW 
plus-offset state and not in normal loW state, Wherein its doWn 
level is limited. In this Way an oxide stress condition betWeen 
the gate and source of output transistor P3 of voltage pump 
circuit 212 is avoided. 
The operating voltages, current values, and resistance val 

ues that are associated With stress reduction control system 
210 of FIG. 2 are determined as folloWs. 

1. de?ne the ?xed voltage VREF; 
2. de?ne a voltage Vdd-stress as the Vdd voltage value at 

Which the oxide stress is at the maximum; 
3. de?ne the value of resistors R4 and R5 such that 
VREFDCIVREF at Vdd-stress; 

4. select the value of resistor R2 in order to create a current 

I2:(VREFDC—VREF)/R2; 
5. select a current mirror multiplication factor M, Where 

M?ransistor P4 Width (W4) divided by transistor P9 
Width (W9), or M:W4/W9.; 

6. select the value of resistor R1 in order to achieve a 
desired offset voltage V-OFFSET, Where 
V-OFFSET:M><I2><R1; and 

7. select the value of resistor R1 for adequate AC response. 
The value of resistor R1 must be suf?ciently small to 
ensure adequate AC response, as there is a practical limit 
for this value such that resistor R1 is not so large that it 
impacts the normal discharge of node OS-GATE. 

In one example, VREF:about 0.55 volts, Vdd 
stress:about 1.8 volts When Vdd:about 1.0 volts, resistor 
R4:about 16.5 Kohms and resistor R5:about 20.0 Kohms for 
VREFDCIabout 0.55 volts When Vdd:about 1.0 volts, resis 
tor R2:about 13.75 Kohms and thus current I2:(VREFDC— 
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0.55 v)/13.75 Kohms, MIIO, and R1:about 2.5 Kohms for 
V-OFFSET:M><I2><R1, Where V-OFFSETIabout 200 mV. 

In this example, When Vdd:about 1.0 volts, current 
I2:about 0 microamps and, thus, the current I1 through tran 
sistor P4 and resistor R1:about 0 microamps and, thus, node 
V-OFFSET:2.5 Kohms><0 microamps:0 mV (i.e., no offset 
in the doWn level of gate voltage OS-GATE is developed). 
However, When Vdd:about 1.2 volts, current I2:about 8 
microamps and, thus, for an MIIO the current I1 through 
transistor P4 and resistor R1:about 80 microamps and, thus, 
node V-OFFSET:2.5 Kohms><80 microamps:about 200 mV 
(i.e., a 200 mV offset in the doWn level of gate voltage OS 
GATE is developed, Which creates loW-plus-offset state). As 
a result, at the output stage of voltage pump circuit 212, the 
gate of transistor P3 is at least about 200 mV above ground 
When the source of transistor P3 is about 1.8 volts (i.e., node 
VPP value:about 1.8 volts). Consequently, the gate-to 
source voltage is limited to about 1.8 volts minus 0.2 volts or 
about 1.6 volts, Which is Within the safe loW-stress range, and 
an oxide stress condition at transistor P3 of voltage pump 
circuit 212 is avoided. 

In summary, stress reduction control system 110 provides 
a mechanism for avoiding an oxide stress condition in a 
voltage pump, such as voltage pump circuit 212 of stress 
reduction control system 210, by controlling of the gate volt 
age level of the output device, such as output transistor P3. 
For example, the doWn level of the gate voltage of transistor 
P3 may be conditionally limited. In particular, an offset in the 
doWn level of the gate voltage is created by conditionally 
developing an offset voltage in the loWer rail voltage of the 
gate driver, such as loWer rail voltage 224 of INV4. The offset 
voltage is created by directing a predetermined current 
through a resistance, such as current I1 through resistor R1. 
The current may be determined by the difference betWeen a 
?xed voltage, such as VREF, and a voltage, such as VREFDC, 
that is a fraction of the poWer supply voltage, such as a 
fraction of Vdd. Subsequently, a current, such as current I1, is 
provided that is proportional to the difference betWeen VREF 
and VREFDC. The current, such as current I1, is conditional 
such that current I1 is about Zero When Vdd is less than or 
equal to a predetermined level, and current I1 is greater than 
Zero When Vdd is greater than a predetermined level. The 
current, such as current I1, is determined by directing another 
current through a reference resistor, such as current I2 
through resistor R2, via a pair of unity gain ampli?ers (e.g., 
OP-AMPl and OP-AMP2), Where the ?rst unity gain ampli 
?er is coupled to a ?xed voltage, such as VREF and the second 
unity gain ampli?er is coupled to a voltage, such asVREFDC, 
that is proportional to the supply voltage. 

Stress reduction control system 210 of FIG. 2 is but one 
example embodiment of stress reduction control system 110 
of FIG. 1. In particular, stress reduction control system 210 is 
not limited to the circuit arrangement that is shoWn in the 
schematic diagram of FIG. 2. Those skilled in the art Will 
appreciate that the functions of stress reduction control sys 
tem 210 may be implemented using other arrangements of 
electronic components. In one example, all polarities Within 
stress reduction control system 21 0 may be inverted and, thus, 
all NFETS may become PFETS and all PFETS may become 
NFETS. In another example a plurality of voltage pumps may 
be in electrical communication With a single I-STRESS gen 
erator circuit to control the oxide stress levels in each pump by 
using current mirroring techniques With node I-STRESS. 
An exemplary embodiment has been disclosed above and 

illustrated in the accompanying draWings. It Will be under 
stood by those skilled in the art that various changes, omis 
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10 
sions and additions may be made to that Which is speci?cally 
disclosed herein Without departing from the spirit and scope 
of the present invention. 

What is claimed is: 
1. An integrated circuit designed to substantially operate at 

a supply voltage, comprising: 
circuitry requiring a boosted voltage relative to the supply 

voltage; 
a voltage pump that includes an output device in electrical 

communication With said circuitry so as to provide said 
circuitry With said boosted voltage, said output device 
driven by a gate voltage having a gate drive level and 
including a gate-oxide having an excessive stress volt 
age level; and 

a gate voltage controller for generating said gate drive level 
so as to maintain said gate oxide beloW said excessive 
stress level; 

Wherein: 
said gate voltage has a doWn level and said gate voltage 

controller is operatively con?gured to maintain via an 
analog signal said gate oxide beloW said excessive 
stress level by adjusting said doWn level; 

said gate voltage controller is operatively con?gured to 
adjust said doWn level by generating an offset voltage; 

said gate voltage controller includes a ?rst resistance and 
is con?gured to generate said offset voltage as a func 
tion of directing a predetermined ?rst current through 
said ?rst resistance; and 

said gate voltage controller is con?gured to generate said 
predetermined ?rst current as a function of a differ 
ence betWeen a ?rst reference voltage and a second 
reference voltage. 

2. The integrated circuit of claim 1, Wherein said second 
reference voltage is a fraction of the supply voltage. 

3. The integrated circuit of claim 1, Wherein said gate 
voltage controller is con?gured to make said predetermined 
?rst voltage equal to Zero volts When the supply voltage is at 
a predetermined level and greater than Zero volts When the 
supply voltage is greater than said predetermined level. 

4. The integrated circuit of claim 1, Wherein said gate 
voltage controller comprises a second resistance, a ?rst unity 
gain ampli?er coupled to a ?rst voltage proportional to the 
supply voltage, and a second unity gain ampli?er coupled to 
a second voltage that is ?xed, said gate voltage controller 
operatively con?gured to generate said predetermined ?rst 
current as a function of directing a second predetermined 
current through said second resistor via said ?rst unity gain 
ampli?er and said second unity gain ampli?er. 

5. The integrated circuit of claim 1, Wherein said gate 
voltage controller comprises an output inverter having a doWn 
level and said offset voltage is a function of said doWn level of 
said output inverter. 

6. An integrated circuit designed to operate at a supply 
voltage, comprising: 

voltage pump circuitry that includes an output device hav 
ing a gate drive level and including a gate oxide having 
an excessive stress level; and 

a gate voltage controller electrically connected to said out 
put device so as to provide said gate drive level, said gate 
voltage controller con?gured to vary said gate drive 
level as a function of said supply voltage; 

Wherein said gate voltage controller is con?gured to gen 
erate said gate drive level as a function of a reference 
current. 

7. The integrated circuit of claim 6, Wherein said gate 
voltage controller includes a current generator circuit for 
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generating said reference current as a function of a ?rst pre 
determined reference voltage and a second predetermined 
reference voltage. 

8. The integrated circuit of claim 7, Wherein said current 
generator circuit comprises a ?rst unity gain ampli?er respon 
sive to said ?rst predetermined reference voltage and a second 
unity gain ampli?er responsive to said second predetermined 
reference voltage. 

9. The integrated circuit of claim 8, Wherein said second 
unity gain ampli?er has an output node, said reference current 
occurring on said output node When said current generator 
circuit is operating. 

10. An integrated circuit, comprising: 
a voltage pump circuit including an output transistor hav 

ing a gate input and responsive to a gate drive level; 
a voltage pump control circuit electrically connected to 

said gate input of said output transistor and con?gured to 
output said gate drive level in response to a reference 
current; 

a reference current generator electrically connected to said 
voltage pump control circuit so as to provide said volt 
age pump control circuit With said reference current; 
said reference current generator con?gured to generate 
said reference current as a function of a ?rst reference 
voltage and a second reference voltage; 

a ?rst reference voltage generator electrically connected to 
said reference current generator for providing said ?rst 
reference voltage to said reference current generator; 
and 
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a second reference voltage generator electrically con 

nected to said reference current generator for providing 
said second reference voltage to said current generator. 

11. The integrated circuit of claim 10, Wherein said voltage 
pump control circuit includes an inverter having an output 
directly connected to said gate input of said output transistor 
of said voltage pump circuit. 

12. The integrated circuit of claim 11, Wherein said inverter 
has a loW-voltage rail node and further includes a voltage 
offset transistor having an output in electrical communication 
With said loW-voltage rail, said voltage offset transistor hav 
ing a gate responsive to said reference current. 

13. The integrated circuit of claim 12, Wherein said refer 
ence current generator includes a ?rst unity gain ampli?er 
electrically connected to said ?rst reference voltage generator 
for receiving said ?rst reference voltage and a second unity 
gain ampli?er electrically connected to said second reference 
voltage generator for receiving said second reference voltage, 
said second unity gain ampli?er having an output directly 
electrically connected to said gate of said voltage offset tran 
sistor. 

14. The integrated circuit of claim 13, Wherein said ?rst 
unity gain ampli?er has a ?rst input and said second unity 
gain ampli?er has a second input, Wherein said ?rst input and 
said second input are electrically coupled to one another 
across a resistance. 


