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(57) ABSTRACT

The present invention provides an oscillator which is based on
a 6T SRAM for measuring the Bias Temperature Instability.
The oscillator includes a first control unit, a first inverter, a
second control unit, and a second inverter. The first control
unit is coupled with the first inverter. The second control unit
is coupled with the second inverter. The first control unit and
the second control unit is used to control the first inverter and
the second inverter being selected, biased, and connected
respectively, so that the NBTI and the PBTT of the SRAM can
be measured separately, and the real time stability of the
SRAM can be monitored immediately.
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OSCILLATOR BASED ON A 6T SRAM FOR
MEASURING THE BIAS TEMPERATURE
INSTABILITY

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to the design of an
integrated circuit, particularly to an oscillator based on a 6T
SRAM for measuring the Positive Bias Temperature Instabil-
ity and the Negative Bias Temperature Instability.

[0003] 2. Description of the Prior Art

[0004] The reliability test of the integrated circuit depends
on the reliability of the semiconductor device basically. The
reliability is a very important factor to the integrated circuit.
As for current nano-device, the reliability plays a very impor-
tant role to the smaller device and more complicated circuit.
[0005] There are three kinds of reliability analysis mainly,
including the Time Dependent Dielectric Breakdown
(TDDB), the hot-carrier effect of device channel and elec-
tromigration effect of metal wire. The hot-carrier effect is the
most important conventional reliability analysis. However, as
the supply voltage is dropping constantly, the hot-carrier
effect is also dropping constantly, therefore the hot carrier has
not already been the No.1 killer of reliability, and the substi-
tute is the Bias Temperature Instability. The Bias Temperature
Instability includes the Negative Bias Temperature Instability
(NBTI) and the Positive Bias Temperature Instability (PBTI).
Among these, the Negative Bias Temperature Instability
(NBTI) is caused by the P-type metal-oxide-semiconductor
(PMOS) transistor, and the Positive Bias Temperature Insta-
bility (PBTI) is caused by the N-type metal-oxide-semicon-
ductor (NMOS) transistor.

[0006] The Bias Temperature Instability will cause the
variation of critical voltage of transistor. For example, when a
negative voltage is applied on the gate, the critical voltage of
P-type metal-oxide-semiconductor (PMOS) transistor will be
reduced with respect to time. The variation of critical voltage
1s a great challenge to the operation of integrated circuit. Due
to the critical voltage represents the voltage required to open
the transistor in the circuit design, the variation represents the
uncertain state of transistor and the risk of circuit operation.
[0007] 1t is found by the conventional research that the
effect of the Negative Bias Temperature Instability (NBTT) on
the P-type metal-oxide-semiconductor (PMOS) transistor is
much severer than the effect of the Positive Bias Temperature
Instability (PBTT) on the N-type metal-oxide-semiconductor
(NMOS) transistor. However, the high-K material and metal
gate technique are adopted in 45 nm complementary metal-
oxide-semiconductor (CMOS) process. At this time, the
importance of the Positive Bias Temperature Instability
(PBTT) and the Negative Bias Temperature Instability (NBTI)
1s the same, but the effect and mechanism of the Positive Bias
Temperature Instability (PBTI) and the Negative Bias Tem-
perature Instability (NBTI) are different. Thus, an oscillator
based on a 6T SRAM is required to measure the Positive Bias
Temperature Instability (PBTI) and the Negative Bias Tem-
perature Instability (NBTI), in order to help the circuit
designers to realize the dynamic and real-time change of
long-term reliability.

SUMMARY OF THE INVENTION

[0008] A purpose of the present invention is to provide a
SRAM cell based on 6 transistor structure to form a ring
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oscillator. There is no change of diffusion, poly materials and
contact placement to ensure the same fundamental character-
istics as original 6T SRAM cells. Itis also able to measure the
real-time change of reliability.

[0009] Based on the above-mentioned purpose, the present
invention provides an oscillator based on a 6T SRAM for
measuring the Bias Temperature Instability. The oscillator is
composed of at least 4 SRAM cells, wherein the SRAM cell
is formed by 6 transistor structure. Every SRAM cell includes
a first inverter, a second inverter, a first pass-gate transistor
and a second pass-gate transistor.

[0010] The first inverter includes a first pull-up transistor
and a first pull-down transistor. The second inverter includes
a second pull-up transistor and a second pull-down transistor,
as well as a first pass-gate transistor and a second pass-gate
transistor. The first pass-gate transistor is coupled with the
first inverter. The second pass-gate transistor is coupled with
the second inverter.

[0011] The oscillator includes a first control unit, a first
inverter, a second control unit and a second inverter. The first
control unit is electrically connected with the first inverter.
The first control unit is used to control the first inverter being
selected, biased, and connected respectively. The second
inverter is electrically connected with the first inverter. The
second control unit is electrically connected between the first
control unit and the first inverter. The second control unit is
used to control the second inverter being selected, biased, and
connected respectively. The first control unit and the second
control unit are used to measure the Negative Bias Tempera-
ture Instability and the Positive Bias Temperature Instability
of the SRAM cell, and monitor the real-time reliability of the
SRAM cell.

[0012] In order to understand the above-mentioned pur-
poses, characteristics and advantages of present invention
more obviously, the detailed explanation is described as fol-
lows with preferred embodiments and figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The foregoing aspects and many of the attendant
advantages of this invention will become more readily appre-
ciated as the same becomes better understood by reference to
the following detailed description, when taken in conjunction
with the accompanying drawings, wherein:

[0014] FIG. 1 is an illustration for an embodiment of ring
oscillator according to the present invention;

[0015] FIG.2isanillustration for the block diagram of ring
oscillator according to the present invention;

[0016] FIG. 3 is the circuit diagram of the ring oscillator
drawn in accordance with FIG. 1; and

[0017] FIG. 4isanillustration for the block diagram of ring
oscillator array according to FIG. 3.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0018] Please referring to FIG. 1, which is an illustration
for an embodiment of ring oscillator according to the present
invention. The ring oscillator 100 includes a first SRAM 102,
a second SRAM 104, a third SRAM 106 and a fourth SRAM
108. Among these, the first SRAM 102, the second SRAM
104, the third SRAM 106 and the fourth SRAM 108 are
formed by 6 transistor structure. It has to describe that the ring
oscillator 100 of the present invention is composed of four 6T
SRAM cells. However, the number of RAM is not limited by
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four. As long as the ring oscillator is composed is composed
of atleast 4 SRAM cells, which will be included in the scope
of ring oscillator 100 of the present invention.

[0019] In this embodiment, please referring to FIG. 2,
which s anillustration for the block diagram of ring oscillator
100 according to the present invention. The ring oscillator
100 includes a first control unit 202, a first inverter 204, a
second control unit 206 and a second inverter 208. The first
control unit 202 is coupled with the first inverter 204 and the
second comntrol unit 206. The first control unit 202 is used to
control the selected actions of the first inverter 204. The
selected actions include selecting the first inverter 204, bias-
ing the first inverter 204 and connecting the first inverter 204.
The second control unit 206 is used to control the selected
actions of the second inverter 208. The selected actions
include selecting the second inverter 208, biasing the second
inverter 208 and connecting the second inverter 208.

[0020] Please referring to FIG. 1 and FIG. 2, the ring oscil-
lator 100 uses the first control unit 202 and the second control
unit 206 to the first inverter 204 and the second inverter 208,
respectively, so as to measure the Negative Bias Temperature
Instability (NBTT) of the second SRAM 104 and the fourth
SRAM 108 as well as the Positive Bias Temperature Instabil-
ity (PBTI) of the second SRAM 104 and the fourth SRAM
108 separately, and monitor their influence on the stability. It
has to describe that the present invention is composed of 6T
SRAM structure, so, only part of 6T SRAM circuit is utilized.
It can be observed from FIG. 1 that the bold heavy line and
transistor represents the actual circuit for the embodiment of
the present invention, and the light line and transistor repre-
sents the unused circuit.

[0021] Please referring to FIG. 1 and FIG. 2, the circuit of
the present invention is based on standard 6T SRAM. The first
SRAM 102 includes a first inverter 1022, a second inverter
1024, a first pass-gate transistor 1026 and a second pass-gate
transistor 1028. The first inverter 1022 includes a first pull-up
transistor 10220 and a first pull-down transistor 10222. The
second inverter 1024 includes a second pull-up transistor
10240 and a second pull-down transistor 10242. The first
pass-gate transistor 1026 is coupled with the first inverter
1022. The second pass-gate transistor 1028 is coupled with
the second inverter 1024. As for an example of the first SRAM
102: The standard 6T is composed of 6 transistors (the first
pull-up transistor 10220, the first pull-down transistor 10222,
the second pull-up transistor 10240, the second pull-down
transistor 10242) formed on the semiconductor substrate.
Among these, there are four N-type metal-oxide-semicon-
ductor (NMOS) transistors (the first pull-down transistor
10222, the second pull-down transistor 10242, the first pass-
gate transistor 1026 and the second pass-gate transistor 1028)
and two P-type metal-oxide-semiconductor (PMOS) transis-
tors (the first pull-up transistor 10220 and the second pull-up
transistor 10240).

[0022] Please referring to FIG. 1, the first control unit 202
is composed of a first SRAM 102. Among these, a voltage
stress source VSTRESS_STR is applied to the drain of the
second pull-up transistor 10240 in the first SRAM 102. The
gate of the second pull-up transistor 10240 in the first SRAM
102 is coupled with a bit line BITT.

[0023] Please referring to FIG. 1 and FIG. 2, the second
SRAM 104 includes a first inverter 1042, a second inverter
1044, a first pass-gate transistor 1046 and a second pass-gate
transistor 1048. The first inverter 1042 includes a first pull-up
transistor 10420 and a first pull-down transistor 10422. The
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second inverter 1044 includes a second pull-up transistor
10440 and a second pull-down transistor 10442. The first
pass-gate transistor 1046 is coupled with the first inverter
1042. The second pass-gate transistor 1048 is coupled with
the second inverter 1044. The first control unit 202 is com-
posed of the first SRAM 102.

[0024] Please referring to FIG. 2, the first inverter 204 is
composed of the second SRAM 104. The second pass-gate
transistor 1048 of the second SRAM 104 is coupled with the
second inverter 1044 of the second SRAM 104. The second
inverter 1044 of the second SRAM 104 is coupled with the
drain of the second pull-up transistor 1440 in the first SRAM
102. A voltage control source VCS_STR is applied to the
source of the second pull-up transistor 1440. The source of the
second pull-down transistor 10442 is grounded. The gate of
the second pass-gate transistor 1048 in the second SRAM 104
is coupled with the first word line WL0.

[0025] Please referring to FIG. 1. the third SRAM 106
includes a first inverter 1062, a second inverter 1064, a first
pass-gate transistor 1066 and a second pass-gate transistor
1068. The first inverter 1062 includes a first pull-up transistor
10620 and a first pull-down transistor 10622. The second
inverter 1064 includes a second pull-up transistor 10640 and
a second pull-down transistor 10242. The first pass-gate tran-
sistor 1066 is coupled with the first inverter 1062. The second
pass-gate transistor 1028 is coupled with the second inverter
1064.

[0026] Please referring to FIG. 1 and FIG. 2, the second
control unit 206 is composed of a third SRAM 106 based on
a 6T SRAM. Among these, the gate of the second pull-up
transistor 10640 in the third SRAM 106 is coupled with the bit
line BIT1. A voltage stress source VSTRESS_STR is applied
to the source of the second pull-up transistor 10640 in the
third SRAM 106. The drain of the second pull-up transistor
10240 in the first SRAM 102 is coupled with the drain of the
second pull-up transistor 10640 in the third SRAM 106, and
they are coupled with the input CNO together.

[0027] Please referring to FIG. 1, the fourth SRAM 108
includes a first inverter 1082, a second inverter 1084, a first
pass-gate transistor 1086 and a second pass-gate transistor
1088. The first inverter 1082 includes a first pull-up transistor
10820 and a first pull-down transistor 10822. The second
inverter 1084 includes a second pull-up transistor 10840 and
a second pull-down transistor 10842. The second pass-gate
transistor 1088 is coupled with the second inverter 1084. The
first pass-gate transistor 1086 is coupled with the first inverter
1082.

[0028] The second inverter shown in FIG. 2 is composed of
the fourth SRAM 108 with 6T structure shown in FIG. 1. As
shown in FIG. 1, the second pass-gate transistor 1088 of the
fourth SRAM 108 is coupled with the second inverter 1084 of
the fourth SRAM 108. The second inverter 1084 of the fourth
SRAM 108 is coupled with the drain of the second pull-up
transistor 10240 in the first SRAM 102 and the drain of the
second pull-up transistor 10640 in the second SRAM 106. A
voltage control source VCS_STR is applied to the source of
the second pull-up transistor 10840 in the fourth SRAM 108.
The source of the second pull-down transistor 10842 is
grounded. The gate of the second pass-gate transistor 1088 in
the fourth SRAM 108 is coupled with the second word line
WL1. The source of the second pass-gate transistor 1048 in
the second SRAM 104 is coupled with the source of the
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second pass-gate transistor 1088 in the fourth SRAM 108 as
the output CN1, which is able to serially connect the ring
oscillator of next stage.

[0029] Please referring to FIG. 3, which is the circuit dia-
gram of the ring oscillator drawn in accordance with FIG. 1.
FIG. 3 is the simplified diagram in accordance with FIG. 1,
where the actual connected and used circuit (i.e. the circuit
drawn by bolt heavy line) is drawn, and the unused circuit is
deleted. When the ring oscillator is under the operation con-
dition, the first inverter 204 and the second inverter 208 can be
selected or conducted by the signals of the first word line WL0
and the second word line WL1, and the bit line BIT1 will be
charged to supply sufficient current to the first control unit
202 and the second control unit 206.

[0030] Please still referring to FIG. 3, because the Negative
Bias Temperature Instability (NBTT) is caused by the P-type
metal-oxide-semiconductor (PMOS) transistor, upon mea-
suring the Negative Bias Temperature Instability (NBTI), the
first control unit 202 of the ring oscillator 100 controls the
second pull-up transistor 10440 in the first inverter 204, and
applies a voltage to the second pull-up transistor 1440. The
second control unit 206 controls the second pull-up transistor
10840 in the second inverter 208, applies a voltage to the
second pull-up transistor 10840, and measures the variation
state of critical voltage for the output CN1, so as to measure
the Negative Bias Temperature Instability (NBTI) caused by
the P-type metal-oxide-semiconductor (PMOS) transistor.
[0031] Please referring to FIG. 3 continuously, relatively,
the first control unit 202 controls the second pull-down tran-
sistor 10442 in the first inverter 204, and applies a voltage to
the second pull-down transistor 10442. The second control
unit 206 controls the second pull-down transistor 10842 in the
second inverter 208, so as to measure the Positive Bias Tem-
perature Instability (PBTI) caused by the N-type metal-ox-
ide-semiconductor (NMOS) transistor. Thus, the ring oscil-
lator 100 of the present invention can measure the Negative
Bias Temperature Instability (NBTT) and the Positive Bias
Temperature Instability (PBTI) separately on the chip, in
order to realize the real-time stability.

[0032] Please referring to FIG. 4, which is an illustration
for the block diagram of ring oscillator array according to
FIG. 3. FIG. 3 represent the circuit diagram of a single-stage
ring oscillator 100. As shown in FIG. 4, the ring oscillator
array 400 is formed by serially connecting multiple-stage ring
oscillator 100. Among these, the ring oscillator 100 includes
the control unit 402 and the inverter 404. The ring oscillator
100 serially connects a virtual unit 406. The virtual unit 406
connects an input CN0 and a first word line WL0. The inverter
404 connects an output CN1. The ring oscillator 100 of next
stage is serially connected through the output CN1. In this
embodiment, the ring oscillator 100 is serially connected by
25 stages, but the scope of the present invention is not limited
by this. Any number of serially connected ring oscillator is
also included in the scope of the present invention. The output
CNn for last stage of the ring oscillator 420 is connected to a
control unit 422. The output of control unit 422 is connected
to an input CNO.

[0033] Itisunderstood that various other modifications will
be apparent to and can be readily made by those skilled in the
art without departing from the scope and spirit of this inven-
tion. Accordingly, it is not intended that the scope of the
claims appended hereto be limited to the description as set
forth herein, but rather that the claims be construed as encom-
passing all the features of patentable novelty that reside in the
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present invention, including all features that would be treated
as equivalents thereof by those skilled in the art to which this
invention pertains.

What is claimed is:

1. A ring oscillator based on a 6T SRAM for measuring a
Bias Temperature Instability, the ring oscillator having at
least 4 SRAM cells, wherein the SRAM cell being formed by
6-transistor structure, every SRAM cell having a first inverter
including a first pull-up transistor and a first pull-down tran-
sistor, a second inverter including a second pull-up transistor
and a second pull-down transistor, a first pass-gate transistor,
a second pass-gate transistor, a first pass-gate transistor and a
second pass-gate transistor, the first pass-gate transistor being
coupled with the first inverter, and the second pass-gate tran-
sistor being coupled with the second inverter, the ring oscil-
lator comprising:

a first inverter;

a first control unit, which being electrically connected with
the first inverter, the first control unit being used to
control the first inverter being selected, biased, and con-
nected respectively;

a second inverter, which being electrically connected with
the first inverter; and

a second control unit, which being electrically connected
between the first control unit and the first inverter, the
second control unit being used to control the second
inverter being selected, biased, and connected respec-
tively; the first control unit and the second control unit
being used to measure the Negative Bias Temperature
Instability and a Positive Bias Temperature Instability of
the SRAM cell, and monitoring a real-time reliability of
the SRAM cell.

2. The ring oscillator according to claim 1, wherein the first
control unit comprises a first 6T SRAM, a voltage stress
source being applied to adrain of the second pull-up transistor
in a first SRAM, a gate of the second pull-up transistor in the
first SRAM being coupled with a bit line.

3. The ring oscillator according to claim 2, wherein the first
inverter composes a second 6T SRAM, a second pass-gate
transistor of a second SRAM being coupled with a second
inverter of the second SRAM, the second inverter of the
second SRAM being coupled with a drain of the second
pull-up transistor in the first SRAM, a gate of the second
pass-gate transistor in the second SRAM being coupled with
the first word line.

4. The ring oscillator according to claim 3, wherein the
second control unit composes a third 6T SRAM, a voltage
stress being applied to a source of a second pull-up transistor
in a third SRAM, a gate of the second pull-up transistor in the
third SRAM being coupled with the bit line.

5. The ring oscillator according to claim 4, wherein the
second inverter composes a fourth 6T SRAM, a second pass-
gate transistor of a fourth SRAM being coupled with a second
inverter of the fourth SRAM, the second inverter of the fourth
SRAM being coupled with a drain of a second pull-up tran-
sistor in the third SRAM, and a drain of the second pull-up
transistor in the first SRAM, a gate of the second pass-gate
transistor in the fourth SRAM being coupled with a second
word line.

6. The ring oscillator according to claim 1, wherein the first
pull-up transistor and the second pull-up transistor comprises
P-type metal-oxide-semiconductor transistors.
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7. The ring oscillator according to claim 6, wherein the
Negative Bias Temperature Instability is generated by the first
pull-up transistor or the second pull-up transistor.

8. Thering oscillator according to claim 1, wherein the first
pull-down transistor, the second pull-down transistor, the first
pass-gate transistor and the second pass-gate transistor com-
prises N-type metal-oxide-semiconductor transistors.

9. The ring oscillator according to claim 8, wherein the
Positive Bias Temperature Instability is generated by the first
pull-down transistor or the second pull-down transistor.
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