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(57) ABSTRACT

The present invention proposes a gate oxide breakdown-with-
standing power switch structure, which is connected with an
SRAM and comprises a first CMOS switch and a second
CMOS switch respectively having different gate-oxide thick-
nesses or different threshold voltages. The CMOS switch,
which has a normal gate-oxide thickness or a normal thresh-
old voltage, provides current for the SRAM to wake up the
SRAM from a standby or sleep mode to an active mode. The
CMOS switch, which has a thicker gate-oxide thickness or a
higher threshold voltage, provides current for the SRAM to
work in an active mode. The present invention prevents a
power switch from gate-oxide breakdown lest noise margin,
stabilization and performance of SRAM be affected.
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GATE OXIDE
BREAKDOWN-WITHSTANDING POWER
SWITCH STRUCTURE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a gate oxide break-
down-withstanding power switch structure applied to SRAM,
particularly to a power switch using two different gate-oxide
thicknesses or two different threshold voltages to prevent a
power switch gate-oxide breakdown from happening.
[0003] 2. Description of the Related Art

[0004] More embedded memories are integrated on chips
to support more powerful computation engines, leading to
low-power and reliable memory design techniques being
more important. At present, most of advanced SRAMs (Static
Random Access Memory) utilize a power switch to reduce
leakage current and power consumption in the standby/sleep
mode of SRAM. Refer to FIG. 1 a diagram schematically
showing that a conventional power switch is applied to
SRAM. The power switch structure comprises a P-type tran-
sistor 10 and an N-type transistor 12. The source of the P-type
transistor 10 and the drain of the N-type transistor 12 are
connected with a voltage source VDD. The drain of the P-type
transistor 10 and the source of the N-type transistor 12 are
connected with the voltage terminal VVDD of an SRAM cell
array 14. The other terminal of the SRAM cell array 14 is
connected with the ground GND. The gate of the P-type
transistor 10 receives a control signal HPG. If the control
signal is at a low level, the P-type transistor 10 turns on, and
VDD will charge VVDD to a potential level identical to that
of VDD. At this moment, the cell array 14 is allowed to be
read or written. If the control signal is at a high level, the
P-type transistor 10 turns off, and the voltage level of VVDD
is lower than the gate voltage level of the N-type transistor 12
by a threshold voltage. The cell array 14 is in a standby mode
or a sleep mode. By turning off P-type transistor 10, leakage
current of the cell array 14 can be significantly decreased. The
N-type transistor 12 is used to bias VVDD of the cell array 14
at a proper voltage level for data retention.

[0005] The gate oxide thickness becomes thinner as tech-
nology scaling. However, the voltage level of power supply
remains unchanged. These result in a high gate-oxide elec-
tric-field and gate-oxide breakdown. Therefore, gate-oxide
breakdown becomes a critical factor in sub-100 nm SRAM
design.

[0006] The breakdown or damage of the gate oxide of a
power switch will seriously decrease the noise margin, sta-
bility, performance and reliability. Refer to FIGS. 1-3. In the
active state of SRAM, the normal P-type transistor 10 turns on
to provide a voltage source of 0.9V for the active cell array 14,
as shown in FIG. 2. Once gate-oxide breakdown of the P-type
transistor 10 occurs, a leakage path appears between the gate
and drain of the P-type transistor 10, and this conduction path
can be expressed as an equivalent resistance. If the equivalent
resistance has a greater value, such 10°Q, VVDD voltage
level of the cell array 14 is still 0.9V, and the impact of
gate-oxide breakdown on SRAM is negligible. When gate-
oxide breakdown is more serious and the equivalent resis-
tance has a smaller value, such 10%Q, VVDD voltage level of
the cell array 14 is only 0.1V. In such a case, gate-oxide
breakdown of the P-type transistor 10 severely degrade noise
margin, stability and performance of SRAM. As shown in
FIG. 3, when SRAM is in standby or sleep mode, the normal
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P-type transistor 10 turns off. Once gate-oxide breakdown of
the P-type transistor 10 occurs, a leakage path appears
between the gate and drain of the P-type transistor 10. Refer-
ring to FIG. 3, the VVDD voltage level of the cell array 14
increases as equivalent resistance decreasing. This phenom-
enon leads to leakage current of the cell array 14 increasing.
[0007] Accordingly, the present invention proposes a gate
oxide breakdown-withstanding power switch structure to
overcome the abovementioned problem.

SUMMARY OF THE INVENTION

[0008] The primary objective of the present invention is to
provide a gate oxide breakdown-withstanding power switch
structure to overcome the problem that gate-oxide damage or
breakdown of SRAM causes abnormal operation and affects
noise margin, stability and performance.

[0009] Another objective of the present invention is to pro-
vide a gate oxide breakdown-withstanding power switch
structure to increase time-to-breakdown of the dielectric and
maintain the performance of the power switch, whereby the
life time of the power switch increases.

[0010] To achieve the abovementioned objectives, the
present invention proposes a gate oxide breakdown-with-
standing power switch structure, which is connected with an
SRAM, and which comprises a first CMOS (Complementary
Metal Oxide Semiconductor) switch connected with a volt-
age source, receiving a first control signal, temporarily turn-
ing on to provide the voltage source for the SRAM; and a
second CMOS switch connected with the voltage source,
receiving a second control signal, turning on to provide the
voltage source for the SRAM when the first CMOS switch is
no more turned on, wherein when the first CMOS switch and
the second CMOS switch are turned on, the gate electric field
of the first CMOS switch is greater than that of the second
CMOS switch.

[0011] Below, the embodiments are described in detail to
make easily understood the objectives, technical contents and
accomplishments of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a diagram schematically showing that a
conventional power switch for SRAM;

[0013] FIG. 2 is a diagram schematically showing the rela-
tion between VVDD voltage level and gate-oxide breakdown
equivalent resistance of a conventional power switch during
active mode;

[0014] FIG. 3 is another diagram schematically showing
the relation between VVDD voltage level and gate-oxide
breakdown equivalent resistance of a conventional power
switch during standby mode;

[0015] FIG. 4is adiagram schematically showing the struc-
ture of a power switch applied to SRAM according to one
embodiment of the present invention;

[0016] FIG. 5 is a diagram showing lifetime curves of
CMOS switches respectively having different gate-oxide
thicknesses or different threshold voltages according to one
embodiment of the present invention;

[0017] FIG. 6 is a timing diagram schematically showing
thatan SRAM shifts from a standby mode or sleep mode to an
active mode according to one embodiment of the present
invention; and
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[0018] FIG. 7 is a diagram schematically showing the con-
trol circuit of the power switch in the wake-up mode shown in
FIG. 6.

DETAILED DESCRIPTION OF THE INVENTION

[0019] Refer to FIG. 4. The power switch structure of the
present invention is applied to SRAM. In FIG. 4, a 128x128
SRAM cell array is used as an example. The power switch
structure of the present invention comprises a first CMOS
switch 16, a second CMOS switch 18 and a third CMOS
switch 20. The source and drain of the first CMOS switch 16
are respectively connected with a first voltage source (VDD)
22 and a second voltage source (VVDD) 26 of an SRAM 24.
The gate of the first CMOS switch 16 receives a first control
signal (PPG). Ifthe first control signal is at alow voltage level,
the first switch 16 temporarily turns on to connect the first
voltage source 22 to the second voltage source 26, whereby
the first voltage source 22 can quickly charge the second
voltage source 26. The other terminal of the SRAM 24 is
connected to the ground (GND). The source and drain of the
second CMOS switch 18 are respectively connected with the
first voltage source 22 and the second voltage source 26 of the
SRAM 24. The gate of the second CMOS switch 18 receives
a second control signal (PG). When the voltage level of the
second voltage source 26 is charged to VDD, the first CMOS
switch 16 turns off, and the second CMOS switch 18 turns on
to maintain the voltage level of operation of the second volt-
age source 26. The gate electric field (Eox) of the turned-on
first CMOS switch 16 is greater than that of the turned-on
second CMOS switch 18. The third CMOS switch 20 is a
P-type or N-type transistor and functions as a diode. In this
example, the third CMOS switch 20 is implemented by using
an N-type transistor. The drain of the third CMOS switch 20
is connected with the first voltage source 22. The source of the
third CMOS switch 20 is connected with the second voltage
source 26 of the SRAM 24. The gate of the third CMOS
switch 20 receives a bias voltage stabilization control signal
for data retention of the SRAM 24.

[0020] The first CMOS switch 16 and the second CMOS
switch 18 respectively have different gate-oxide thicknesses
(T ox) or respectively have different threshold voltages (V ).
In order to overcome gate-oxide breakdown, the first CMOS
switch 16 of the present invention adopts a normal gate-oxide
thickness or a normal threshold voltage, and the second
CMOS switch 18 of the present invention adopts a larger
gate-oxide thickness or a higher threshold voltage. The first
CMOS switch 16 is used to quickly to charge drive the second
voltage source 26 of the SRAM 24. The second CMOS switch
18 has longer time-to-breakdown. The gate electric field can
be defined as [gate voltage (V ;)-threshold voltage (V)1
gate-oxide thicknesses (T ;). The gate electric field deter-
mines the lifetimes of the first CMOS switch 16 and the
second CMOS switch 18. Thus, increasing the gate-oxide
thicknesses (T,y) and/or the threshold voltage (V) can
decrease the gate electric filed strength, prevent the CMOS
transistors from gate-oxide breakdown, and prolong the life-
time of CMOS transistors.

[0021] Refer to FIG. 5, the lifetime curves of CMOS
switches respectively have different gate-oxide thicknesses
or different threshold voltages. The time-to-breakdown (T )
increases by 30 times when the gate-oxide thickness (T )
increases by 1.8 times. The time-to-breakdown (Tjp)
increases by 10 times when the threshold voltage (V)
increases by 2 times. Therefore, increasing the gate-oxide
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thicknesses (Ty) and/or the threshold voltage (V) can
prolong the lifetime of a power switch.

[0022] Inoneembodiment, the power switch of the present
invention adopts two different gate-oxide thicknesses,
wherein the first CMOS switch 16 has a first gate-oxide
thickness (T ox;) of 1.0 nm, which is smaller than 1.5 nm or
2.5 nm a second gate-oxide thickness (T ;) of the second
CMOS switch 18, and wherein the first CMOS switch 16 has
afirst threshold voltage (V 4, ) identical to a second threshold
voltage (V z,) of the second CMOS switch 18. For example,
both threshold voltages of them are 200-250 mV. In another
embodiment, the power switch of the present invention
adopts two different threshold voltages, wherein the first
CMOS switch 16 has a first threshold voltage (V) of
200-250 mV, which is smaller than 400-500 mV a second
threshold voltage (V ,,,,) of the second CMOS switch 18, and
wherein the first CMOS switch 16 has a first gate-oxide
thickness (T ;) identical to a second gate-oxide thickness
(Toxn) of the second CMOS switch 18. For example, both
gate-oxide thicknesses of them are 1.0 nm.

[0023] Refer to FIG. 4 and FIG. 6. FIG. 6 is a timing
diagram schematically showing SRAM wake-up transition
from a standby mode or sleep mode to an active mode,
wherein a power switch forming by two transistors with dif-
ferent gate-oxide thicknesses (T, and T ,x») is compared
with a power switch using a single transistor having a normal
gate-oxide thickness (single T ;). When the SRAM 24 isina
standby mode or a sleep mode, the first CMOS switch 16 and
the second CMOS switch 18, which respectively receive a
high-voltage-level first control signal (PPG) and a high-volt-
age-level second control signal (PG), are both turned off. In
such a case, the second voltage source (VVDD) 26 of the
SRAM 24 is lower than VDD to reduce leakage power. When
the SRAM 24 is in a wake-up mode, the first control signal
descends from a high voltage level to a low voltage level to
temporarily turn on the first CMOS switch 16 and charge the
second voltage source 26 to VDD. When the first CMOS
switch 16 turns on temporarily, the second control signal of
the second CMOS switch 18 remains at a high voltage level,
and the second CMOS switch 18 still turns off. When the
SRAM 24 is in an active mode, the first control signal rises
from a low voltage level to a high voltage level, and the first
CMOS switch 16 turns off. Meanwhile, the second control
signal descends from a high voltage level to a low voltage
level, and the second CMOS switch 18 turns on to maintain
the voltage level ofthe second voltage source 26 of SRAM 24.
[0024] If a single CMOS transistor with a normal gate-
oxide thickness is used as power switch of SRAM 24, it is
stressed by ahigh voltage and easier to have gate-oxide break-
down. Distinct from the conventional design, the present
invention uses the first CMOS switch 16 and the second
CMOS switch 18 to respectively provide current to the
SRAM 24 in the wake-up mode and the active mode. Accord-
ing to FIG. 6, the present invention not only can increase the
access rate of the SRAM 24 but also can decrease the influ-
ence of the turn-on stress of the first CMOS switch 16 and the
second CMOS switch 18. Therefore, the present invention
can increase time-to-breakdown and promote stability and
performance of the SRAM 24.

[0025] Refer to FIG. 7 a diagram schematically showing
the control circuit in the wake-up mode shown in FIG. 6. The
first gate-oxide thickness or the first threshold voltage of the
first CMOS switch 16 is smaller than that of the second
CMOS switch 18. Therefore, the first control signal (PPG) of
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the first CMOS switch 16 is an output of NAND, and the
second control signal (PG) of the second CMOS switch 18 is
an output of two series inverters. When the control signal is at
a high voltage level, the NAND outputs a low-voltage-level
signal. Thus, the first CMOS switch 16 turns on to quickly
wake up the SRAM 24. At this time, an inverter chain delays
the second control signal (PG) transfer. The second control
signal is at a high level during the wake-up transition, and the
second CMOS switch 18 turns off, until the delay period is
over. Then, two series inverters output a low-voltage-level
signal, and the second CMOS switch 18 turns on to maintain
the voltage level of the second voltage source 26 of the SRAM
24. Therefore, the present invention can increase time-to-
breakdown, maintain the performance and prolong the ser-
vice life of a power switch.

[0026] The embodiments described above are only to
exemplify the present invention but not to limit the scope of
the present invention. Any equivalent modification or varia-
tion according to the spirit or characteristic of the present
invention is to be also included within the scope of the present
invention.

What is claimed is:

1. A gate oxide breakdown-withstanding power switch
structure, which is connected with a static random access
memory (SRAM), comprising

a first complementary metal oxide semiconductor (CMOS)

switch connected with a voltage source and said SRAM,
receiving a first control signal, temporarily turned on to
provide said voltage source for said SRAM and drive
said SRAM to operate; and

asecond CMOS switch connected with said voltage source

and said SRAM, receiving a second control signal,
turned on to provide said voltage source for said SRAM
and drive said SRAM to operate when said first CMOS
switch is no more turned on,
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wherein when said first second CMOS switch and said
second CMOS switch are separately turned on, said first
CMOS switch has a gate electric field greater than that of
said second CMOS switch.

2. The gate oxide breakdown-withstanding power switch
structure according to claim 1, wherein when said second
control signal is at a high level to turn off said second CMOS
switch, said first control signal is at a low level to turn on said
first CMOS switch to provide said voltage source for said
SRAM and fast drive said SRAM to operate.

3. The gate oxide breakdown-withstanding power switch
structure according to claim 2, wherein when said first control
signal rises from a low level to a high level to turn off said first
CMOS switch, said second control signal descends from a
high level to a low level to turn on said second CMOS switch
to provide said voltage source for said SRAM and maintain
operation of said SRAM.

4. The gate oxide breakdown-withstanding power switch
structure according to claim 1, wherein said first CMOS
switch has a first gate-oxide thickness smaller than a second
thickness of said second CMOS switch; meanwhile, said first
CMOS switch has a first threshold voltage identical to a
second threshold voltage of said second CMOS switch.

5. The gate oxide breakdown-withstanding power switch
structure according to claim 1, wherein said first CMOS
switch has a first threshold voltage lower than a second
threshold voltage of said second CMOS switch; meanwhile,
said first CMOS switch has a first gate-oxide thickness iden-
tical to a second gate-oxide thickness of said second CMOS
switch.

6. The gate oxide breakdown-withstanding power switch
structure according to claim 1 further comprising a third
CMOS switch, which is connected with said voltage source
and said SRAM and receives a voltage-stabilization control
signal to stabilize voltage of said SRAM.
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